SCIENCE 


Fripay, JaNuary 24, 1913 


CONTENTS 


The American Association for the Advance- 
ment of Science:— 
Atomic Theories of Radiation: PROFESSOR 
R. A. MILLIKAN 


Educational Diagnosis: Prorgssor E. L. 


W. G. Wright: Forpyce GRINNELL, JR. .... 142 
Scientific Notes and News 143 
University and Educational News ....... .» 145 


Discussion and Correspondence :— 
Undergraduate Research Work in Medical 
Schools: Dr. Paut G. WOOLLEY. A Pro- 
posal for the Control of Certain Mosqui- 
toes: FREDERICK KNAB 146 


Scientific Books :— 
Kingsley’s Comparative Anatomy of Verte- 
brates: Proressor ©. R. BARDEEN. Lloyd’s 
The Growth of Groups in the Animal King- 
dom: Dr. FRanK E. Lutz. Whitney’s The 
Flowing Road: Proressor J. C. BRANNER 148 


Mineralogy in Japan: Dr. GrorGe F. Kunz 152 


Special Articles :— 
The Docophori of the Owls: PROFESSOR 
VERNON L. KELLOGG. Mnothera and Cli- 
mate: Dr. R. R. Gates. Inheritance of the 
Russet Skin in the Pear: RicHarp WEL- 


Societies and Academies :— 
Academy of Science of St. Louis: Pro- 
FESSOR GEORGE T. Moore. The Botanical 
Society of Washington: Dr. C. L. SHEAR. 
The Anthropological Society of Washing- 
ton: W. H. Bascock. The Elisha Mitchell 
Scientific Society: JaMEs M. BELL ...... 156 


MSS. intended for publication and books, etc., intended for 


review should be sent to Professor J. McKeen Cattell, Garrison- 
on-Hudson, N. Y. 


THE AMERICAN ASSOCIATION FOR THE 
ADVANCEMENT OF SCIENCE 


ATOMIC THEORIES OF RADIATION 


TWENTY years ago the system of theo- 
retical physics seemed so complete as to 
justify the opinion, not infrequently ex- 
pressed, that it was probable that the great 
discoveries in physics had all been made, 
and that future advances were to be looked 
for in the sixth place of decimals. And 
yet, in the very midst of these predictions, 
came the announcement, made just eight- 
een years ago this week, of Roentgen’s dis- 
covery which showed that there were great 
mines of physical gold as yet unworked. 
Since that time discoveries of fundamental 
importance have followed one another with 
such amazing frequency that one who is at 
all familiar with the history of physics will 
searcely challenge the statement that the 
past fifteen years is quite unparalleled in 
the number and the significance of its ad- 
vances. At the present time, too, the air 
is full of suggestion of still more funda- 
mental developments. 

Most of these recent advances find a place 
under the general title, ‘‘The Triumphs of 
an Atomistic Physics.’’ Within the past 
decade, the atomistic conception of matter 
has silenced the last of its enemies, and to- 
day we are counting the number of atoms 
and molecules in a given mass of matter 
with as much certainty and precision as we 
can attain in counting the inhabitants in 
a city. No census is correct to more than 
one or two parts in a thousand, and there 


1 Address of the vice-president and chairman of 
Section B—Physics—American Association for the 
Advancement of Science, Cleveland, December, 
1912. 
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is little probability that the number of 
molecules in a eubie centimeter of a gas 
under standard conditions differs by more 
than that amount from 27.09 billion billion. 

We have learned, too, a great deal about 
the insides of the atom. We have proved 
that it has electrical constituents, and that 
these also have an atomic structure. In 
other words, we have superposed upon an 
atomic theory of matter a much more fun- 
damental and at the same time a much 
more simple theory of electricity. And we 
have found most convincing demonstra- 
tions of the correctness of the view that 
every electrical charge is built up out of an 
exact number of electrical atoms, and that 
every electrical current consists in some 
kind of a transport of these electrical atoms 
through the conducting body. In fact, we 
ean now count the number of free electrons 
upon a small charged body as directly and as 
infallibly as we can count our fingers and 
toes.2 We have measured, too, the exact 
value of this elementary electrical atom, 
and found it to be 4.774 10-'® absolute 
electrostatic units.® 

Furthermore, we have added much to our 
knowledge about how atoms and molecules 
behave as aggregates. We have found the 
most convincing demonstrations, both quan- 
titative and qualitative, of the correct- 
ness of the fundamental assumptions of the 
kinetic hypothesis, and have proved ex- 
perimentally that every molecule in a gas, 
whether of the size of the hydrogen unit or 
ten billion times as big, is endowed at a 
given temperature with exactly the same 
average kinetic energy of agitation. And 
we have measured with a fraction of a per 
cent, of accuracy the value of this univer- 
sal constant. 

Finally, we have tremendously extended 

* Physical Review, XXXII., p. 349, 1911. 

* Physical Review, 1913. 

* Popular Science Monthly, LXXX., p. 417, 1912. 
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our kinetic conceptions of matter through 
the study of radioactive processes, and have 
recently actually seen on photographic 
plates® the tracks of alpha and beta cor. 
puscles as they shoot out spontaneously 
from radioactive atoms with speeds un- 
dreamed of in connection with projectiles 
of any kind twenty years ago—speeds 
which are of the same order of magnitude 
as the velocity of light. 

In a word the last fifteen years have 
shown the atomic and kinetic conceptions to 
be certainly the most fruitful, may we not 
also say the most fundamental conceptions, 
not excepting even the principle of the 
conservation of energy, which have ever 
been introduced into physical science. 
Only in one domain have atomistic points 
of view failed completely to possess the 
field, and that, oddly enough, the only do- 
main in which they were securely en- 
trenched two hundred years ago, but from 
which they were driven, apparently for- 
ever, at the beginning of the last century, 
by the epoch-making work of Fresnel and 
Young. Upon this lost domain of radiant 
energy they are now making renewed at- 
tack. It is my purpose to-day to survey 
this field of conflict and to endeavor to ap- 
praise the successes and failures of each of 
the opposing forces from the point of view 
of experimental physics alone. 

My first observation is that in this at- 
tack upon the domain of radiant energy, 
atomistic conceptions do not at present 
show a united front. In other words, there 
is not one sharply defined atomistic theory, 
but there are five distinct brands of 
‘‘quantum’’ theory of various degrees of 
concentration. These are alike in that they 
all have to do with certain assumptions as 
to the nature of radiant energy, or as to the 
conditions under which such energy is ab- 


°C. T. R. Wilson, Proc. Roy. Soc., Vol. 87, P.- 
277, 1912. 
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sorbed or emitted by atomic or sub-atomic 
oscillators. Let us glance in succession at 
these various atomistic theories and inquire, 
first, what are the experimental facts which 
have called these five different types of as- 
sumption into being. 

1. The first and least concentrated form, 
namely, that of Planck,* grew out of the 
fact that we had two radiation formulas, 
(1) that of Rayleigh,’ and (2) that of 
Wien,® the first of which fitted the experi- 
mental facts for long wave-lengths (for 
which, indeed, it was alone suggested), 
while the second fitted the experimental 
curve at the other end of the spectrum only, 
although it was originally hoped that it 
would give the correct distribution of 
energy throughout the spectrum. Wien’s 
general formula had been deduced from 
his displacement equation—an equation 
which rests only on thermodynamic rea- 
soning and the proved facts of radiation 
pressure—with the aid of two additional 
assumptions, namely, (1) that the veloci- 
ties of gas molecules follow the Maxwell 
distribution law; and (2) that the fre- 
queney of the vibrations sent out from a 
given molecule depends only on the tem- 
perature. Since this equation failed at 
long wave-lengths, and yet contained no 
more particular assumptions than those just 
mentioned, and since the first of these as- 
sumptions is one which we have the best of 
grounds for making, there was nothing to 
do but to modify the last one. Planck 
modified it in such a way as to obtain an 
equation that would go over into Rayleigh’s 
equation at long wave-lengths, and into 
Wien’s at short wave-lengths. I do not 
mean to imply that this sort of crass em- 
piricism is all that there is behind Planck’s 


***Vorlesungen iiber die Theorie des Wiirmes- 
trahlung,’’ 1906, and ‘‘Acht Vorlesungen,’’ ete., 
1910. 

"Rayleigh, Phil. Mag., 49, p. 539. 

* Wien, Wied. Ann., 58, p. 662, 1896. 
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equation. It is fair to point out, however, 
that this was the experimental situation 
which guided him in his search for a new 
radiation formula. His own argument is, 
in brief, somewhat as follows: 
Boltzmann’s identification of the con- 
cept of entropy in thermodynamics with 
the concept of probability in statistical me- 
chanics, a step which Planck ealls the 
‘‘emancipation of the entropy concept from 
the limitations of man’s experimental skill, 
and the elevation of the second law to a real 
principle,’’ carries with it as a necessity 
not only the atomistic conception of mat- 
ter, but also some sort of an atomistic con- 
ception of radiant energy. For the as- 
signing of an exact numerical value to the 
probability of a given physical condition 
ean be accomplished only by considering 
that condition as dependent on a finite 
member of equally likely possibilities or 
complexions. The greater the number of 
these complexions, the greater the value of 
the probability. For example, in the 
throwing of two dice, there are three 
equally likely complexions with which a 
throw of four dots can be realized, namely, 
a 3 with the first die and a 1 with the sec- 
ond, a 1 with the first and a 3 with the sec- 
ond, and a2 with each. On the other hand, 
a throw of 2 dots can be realized through 
but one complexion, namely, a one with 
each. The probability, then, of a four-dot 
throw is just 3 times that of a two-dot 
throw. Now when the entropy of a phys- 
ical condition is made to depend in this 
way on the probability of its occurrence, 
we see at once that entropy tends toward a 
maximum simply because a change to a new 
state will not take place unless that new 
state has a greater probability than the 
old one. But, says Planck, there is no way 
of making the appearance of a given phys- 
ical condition in a system depend in this 
way upon a definite, countable number of 
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possibilities, except by conceiving the sys- 
tem to be made up of a definite number of 
concrete and definite elements—for a con- 
tinuum can not have countable elements. 
Hence, an atomistic structure of the system 
is a fundamental condition for the repre- 
sentation of its entropy by a probability. 
All systems, then, which possess an entropy 
must possess an atomic structure. Now ex- 
periment justifies the carrying over of the 
entropy concept to an enclosure filled with 
radiant energy, for it is only in this way 
that the Stefan-Boltzmann law and the 
Wien displacement law, both of which are 
found experimentally to be correct, are 
deduced. Hence we are forced to conclude 
that an atomistic structure of some sort 
must be applied to radiant energy. Planck 
then proceeds to apply it as follows: He 
imagines an enclosure having perfectly re- 
flecting walls to be filled with black-body 
radiation. In this enclosure, and in equi- 
librium with the black-body radiation, are 
linear electromagnetic oscillators of a 
given frequency v. The relation between 
the energy U, in each oscillator of fre- 
quency v, and the energy per unit volume 
u, of black-body radiation of frequency », 
is given by the ordinary electrodynamic 
laws as, 


U, 


in which c represents the velocity of light. 
Now let us call in the idea of atoms of 
energy and assume that each oscillator con- 
tains at each instant an exact multiple of 
an element of energy «. From a considera- 
tion then of the total number of oscillators, 
and the total number of energy elements 
in all the oscillators, we can obtain an ex- 
pression, as in the case of the dice, for the 
total number of complexions of the system, 
that is, the total number of possible dis- 
tributions of the energy elements among 
the oscillators. This leads to an expression 


[N.S. XXXVII. No. 943 


for the entropy of the system of the form 


s=F(2). 


But the second law of thermodynamics, as 
applied by Wien,*® had shown that 


s=F(<). 


Hence we must place e=/hy, that is, the 
energy element ¢ is proportional to the nat- 
ural frequency v of the oscillator, and the 
proportionality factor h is a universal con- 
stant, which Planck calls the Wirkungs 
quantum. He thus arrives at his celebrated 
formula for the relation between the den- 
sity of black-body radiation and frequency, 
namely, 

1 

or the intensity E, of black-body radiation 
of wave-length A, and temperature 7’, is 

Qc*h 

ech/kAT — 1) 
This formula meets the requirements of 
passing over, at small values of AT, into 
Wien’s equation, namely, 


R= 


and for large values of AT’, into Rayleigh’s 
equation, namely, 
QckT 

To this brief sketch of the origin of 
Planck’s equation should be added the 
statement that Planck’® finds a further 
proof of the necessity of taking some such 
step as that which he has taken in the fault- 
lessness of Jeans’s logic’? in showing that 
the Hamiltonian equations, combined with 
the theory of probability, lead inevitably to 
Rayleigh’s radiation equation, which is 
contradicted by experiment. There is, 


* Wien, Wied. Ann., 52, p. 132, 1894. 
* Planck, Ann. der Phys., 31, p. 758, 1910. 
4 Jeans, Phil. Mag., 18, p. 209, 1909. 


A= 


| 
| 
| 
| 4 
ch 

| 


JanuaRy 24, 1913] 


then, nothing whatever to do, in his judg- 
ment, except to deny the general validity 
of the Hamiltonian differential equations, 
and this is precisely what he has done. 
Furthermore, the fact that his own equa- 
tion goes over into Rayleigh’s equation 
when A is made infinitely small, seems to 
him to show decisively that certain ele- 
mentary radiation processes, which in 
Jeans’s theory are assumed to be continu- 
ous, are in fact discontinuous. 

Now it would be presumptuous in me to 
attempt to pass upon the cogency of these 
arguments, especially as they have been 
made the subject of review by the foremost 
of the world theorists, among them the late 
Poincaré.’ Nevertheless I shall pause just 
long enough to express the inevitable point 
of view of every man who has worked long 
enough in a laboratory to know from pain- 
ful experience how large is the entropy, 
i. ¢., the probability of the event, that ex- 
perimental results will come out differently 
from the way in which, according to the 
inevitable logie of things, they must come 
out, and that for the reason that in five 
cases out of ten, the inevitable logic of the 
experimentalist, at least, involves some un- 
discovered or unconsidered element. He is 
prone to wonder, therefore, whether even 
the theorist’s inevitable logic is absolutely 
inevitable, 

However, it should be said that Poin- 
caré,"* while stating that the assumption 
that physical phenomena do not obey laws 
expressible by differential equatioris would 
constitute the most profound revolution 
which physies has undergone since New- 
ton’s day, yet sees no way of escape from 
Planck’s conclusion, unless it be found in 
the fact that to obtain the relation between 
his linear oscillator and the density of 
black-body radiation, Planck assumes the 
very electrodynamice laws the validity of 

“Journal de Physique, Se. 5, Vol. 2, p. 5, 1912. 
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which he in the end denies. While this is 
indeed a weakness in his theory, it doesn’t 
in any way affect his argument for the 
necessity of some such step as that which he 
has taken. To my own mind, the uncer- 
tainty in this last argument lies in the fact 
that the general validity of the law of equi- 
partition of energy is assumed to be a nee- 
essary consequence of the Hamiltonian 
equations. If this be so, then the Hamil- 
tonian equations certainly must go, for we 
have known for over thirty years that the 
law of equi-partition can not have any gen- 
eral validity. 

Planck has appreciated fully from the 
beginning the above-mentioned weakness 
in the method of development of his equa- 
tion, and within a year'* he has modified 
his statement of his theory in the endeavor 
to meet Poincaré’s objection. The theory 
as outlined above implies that, since energy 
is always contained in the oscillator in ex- 
act multiples of an energy unit, both the 
absorption and emission of energy by the 
oscillator must take place in units—that is 
discontinuously. Planck now assumes that 
emission alone takes place discontinuously, 
while the absorption process is continuous. 
At the instant at which a quantity of 
energy hy has been absorbed, an oscillator 
has a chance of emitting the whole of its 
unit, a chance which, however, it does not 
necessarily take. If it in this way misses 
fire, it has no other chance until the ab- 
sorbed energy has arisen to 2hv, when it 
has again the chance of throwing out its 2 
whole units, but nothing less. If again it 
misses fire, its energy rises to 3hv, 4hy, ete. 
The ratio between the chance of not emit- 
ting when crossing a multiple of hv, and the 
chance of emitting, is assumed to be pro- 
portional to the intensity of the radiation 
which is falling upon the oscillator. This, 
then, is at present the most fundamental 
and the least revolutionary form of quan- 

% Planck, Ann. der Phys., 37, p. 642, 1912 
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tum theory, since it modifies classical 
theory only in the assumption of discon- 
tinuities in time, but not in space, in the 
emission (not in the absorption) of radiant 
energy. 

When we lay aside all consideration of 
the origin of this theory, and ask for its 
experimental credentials, we find two great 
successes commonly attributed to it, (1) it 
gives a correct energy-distribution curve; 
(2) it enabled Planck to deduce from radi- 
ation constants a value of the elementary 
electrical charge which agrees within its 
own limits of uncertainty—about 4 per 
cent.—with the values obtained by other 
and more accurate methods. The first of 
these claims is apparently justified, though 
too much stress must not be laid upon it in 
view of, first, the origin of the equation, 
and, second, the fact that from the short- 
est observable wave-lengths, clear down to 
the longest visible red, Wien’s equation 
also fits the facts perfectly for all tempera- 
tures up to those of the are. In other 
words, from the experimentalist’s stand- 
point Planck’s equation may be considered 
as Wien’s equation with but a small cor- 
rection term applied to it at one end. Such 
correction terms can often be cbtained 
from a great variety of assumptions, 

The second claim can not be considered 
at all, since the deduction of the value of e 
from the radiation constants has nothing 
whatsoever to do with quantum theory. 
The result comes just as well from Ray- 
leigh’s equation" as from Planck’s and the 
significance of the fact that the correct 
value of e is obtained is that for certain 
ranges of temperature the kinetic energy 
of an oscillator in equilibrium with a gas 
is indeed the same as the translational 
kinetic energy of a gas molecule. Further 
successes of Planck’s theory will be con- 


“ Einstein, Ann. der Phys., 17, p. 132, 1905. 
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sidered after the discussion of the other 
atomistic theories of radiation. 

2. The second of these theories is some- 
what more radical than the first, and is, in 
fact, merely that originally proposed by 
Planck. It assumes that both emissions and 
absorption of energy are discontinuous in 
time. Despite the fact that Planck has re- 
nounced this point of view, the theory re- 
fuses to die. Nernst and most of the in- 
vestigators who are working in specific heat 
relations still adhere to it. What is the ex- 
perimental situation which seems to de- 
mand it? It is a situation brought about 
by the recent development of methods of 
studying specific heats at high and low tem- 
peratures. I refer especially to the lique- 
faction of hydrogen and helium. Let us 
consider first the simplest case, namely, 
that of the specific heats of gases. 

One of the most brilliant triumphs of the 
kinetic theory was the prediction that the 
molecular heat of a monatomic gas should 
be 2.98 calories, or approximately 1 calorie 
per degree of freedom of the molecule, a 
prediction accurately verified by experi- 
ment. Next, the theory said that the 
molecular heat of a more complex gas 
should be as many calories as its molecule 
has degrees of freedom. If then the mole- 
cule of a diatomic gas acts like a rigid 
frictionless dumbbell, no energy whatever 
going into vibrations along the line of con- 
nection of its two atoms, or into rotations 
about this line as an axis, then its degrees 
of freedom should be three translational, 
and two rotational, and hence its molecu- 
lar heat should be 5 calories, which is, as a 
matter of fact, the value found for all of 
the so-called permanent diatomic gases at 
ordinary temperatures. 

Now, however, come the facts which call 
for some modification of the simple dynam- 
ical theory. We have long known that 
even at ordinary temperatures the molec- 
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ular heats of gases like chlorine and bro- 
mine, which have more loosely connected 
atoms than have the so-called permanent 
gases, are nearly a calorie too high; that, 
further, they grow higher as the tempera- 
ture rises. Recent work,’® too, shows that 
as the temperature is slowly raised from 
300° to 1,200° C. the molecular heats of all 
the permanent gases rise from 5 to 6 ca- 
lories, while at the temperature of 2,000° 
C. they have gone up to nearly 7, just as 
though two new degrees of freedom had 
eradually been added. This we should ex- 
pect if at high enough temperatures energy 
begins to go into vibrations of the atoms 
along their line of connection in the diatom. 
Very recent work,’® too, which seems to be 
reliable, shows that when the temperature 
of the diatomic gas H, falls from 200° ab- 
solute to 60° absolute, its molecular heat 
falls from 5 calories to 3 calories. In other 
words, at 60 degrees absolute, and pre- 
sumably at lower temperatures, H, acts 
like a monatomie gas. 

Now, say the quantum theorists, all these 
facts are beautifully explained by our 
hypothesis. For, according to it, no atomic 
vibrator can absorb any energy at all ex- 
cept in whole units of size Av, or multiples 
of hv. The diatomic vibrator then, consist- 
ing of the 2 atoms of a diatomic gas, can 
absorb no energy at all from the molecular 
impacts experienced by the molecule as a 
whole, until the energy of these im- 
pacts exceeds Ay. Then it begins to ab- 
sorb, and as the temperature rises still 
farther the number of atomic vibrators 
which begin to take on an energy load in- 
creases as rapidly as it can in view of the 
limitations imposed by the law of distribu- 
tion of energy among the molecules, and 
the necessity of absorbing only in whole 


* Nernst, Zeit. f. Elek. Chem., 17, p. 272, 1911. 


* Euken, Ber. der Preuss. Akad., February, 1912, 
p. 141, | 
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multiples of iv. In the end, as the tem- 
perature rises, each atomic vibrator takes 
on the share of the energy which properly 
belongs to it in accordance with the law of 
equi-partition. The atomic vibrators of the 
chlorine and bromine molecules begin to 
do this at lower temperatures than those of 
the other diatoms, because the bonds hold- 
ing the chlorine and bromine atoms to- 
gether are relatively weak, and conse- 
quently their frequencies are small. Hence 
the energy units hv, characteristic of these 
absorbers, are correspondingly small, and 
therefore the temperature at which the 
kinetic energy of the molecular impacts 
reaches this value is low. 

The explanation of the fact that H, acts 
like a monatomic gas at low temperatures 
is this. The two rotational degrees of free- 
dom of the H, molecule drop out at low 
enough temperatures, for the reason that 
these rotations correspond at a given tem- 
perature to a definite mean rotational fre- 
queney v, and when the energy of impact 
falls below this value of hy no energy can 
go into these rotations. 

Coming now to the atomic heat relations 
of solid bodies, these have been much studied 
of late and are interpreted by Nernst and 
others in terms of this same form of 
quantum theory. Dulong and Petit’s law 
of the equality of the atomic heats of the 
elements, and Kopp’s law of the additive 
properties of atomic heats in compounds, 
were, until very recently, the most sugges- 
tive of the unexplained laws of experi- 
mental physics. Boltzmann" gave a fasci- 
nating interpretation of these relations by 
assuming that the atoms of solids have nat- 
ural periods of vibration, and, if so, that 
they must be in thermal equilibrium with 
a gas when their mean vibratory kinetic 
energy is the same as the mean transla- 
tional energy of the gas molecules. If this 


* Boltzmann, Wien. Sitz. Ber., 63, 2 abt., p. 731. 
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be so the total energy content of an atom 
of a solid, in view of its three potential 
and three kinetic degrees of freedom, must 
be twice that of a molecule of a monatomic 
gas. In other words, the atomic heats of 
solids should be twice the molecular heats 
of monatomic gases, 7. e., they should be 6 
calories, as in fact they are in most cases 
found to be. But brilliant and successful as 
was this stroke, it only made the abnormally 
small values of the atomic heats of the ele- 
ments of low atomic weight (C, Bo, Si) the 
more inexplicable, especially after it was 
found that these substances all behave nor- 
mally at high enough temperatures. Now 
the recent work of a number of experi- 
menters, notably of Nernst’* and his pupils, 
shows that at sufficiently low temperatures 
all substances show abnormally low atomic 
heats, and that, in general, ‘the lower the 
atomic weight, the higher the temperature 
at which the abnormality begins to appear. 
This means that if a degree of rise in tem- 
perature means a given increase in the 
energy of vibration of the atoms of any 
substance, then at low enough temperatures 
only a fraction of the atoms take on their 
normal energy load. But this is precisely 
what the quantum theory demands. No 
atom can take on any energy at all until 
the impacts of the molecules of the sur- 
rounding gas possess an energy as high as 
hv, and hence the higher the v the higher the 
temperature at which energy can begin to 
be absorbed. Further, ceteris paribus, the 
smaller the atomic weight, the higher the v 
and hence the sooner, with decreasing tem- 
perature, should atomic heats lower than 6 
calories begin to appear. 

One can not withhold his admiration 
from the beauty of the qualitative agree- 
ment between this theory and experiment. 
But can the theory stand a quantitative 


* Nernst and Lindemann, Sitz. Ber. d. Preuss. 
Akad., XIII., p. 306, 1910. 
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test? Such a test has been made as fol- 
lows, Lindemann,’® by assuming simply 
that a fixed relation holds at the melting 
point, 7’, of any substance between the 
amplitude of its atomic vibrations and the 
distance between its atoms, that is, its atomic 
volume, v, obtained without the aid of a 
quantum theory, a formula of the form 


T. 


’ 
mv! 


vx 


by which the frequency » in the solid state 
of an atomic vibrator of atomic weight m 
can be computed. This formula yields 
results which agree fairly well with direct 
measurements of v by means of ‘‘rest- 
strahlen’’ wherever the latter have thus far 
been made. With the aid of this formula, 
then, we may first check our rough guess 
that the order of diminishing frequencies 
is the exact order in which atomic heats 
begin with decreasing temperature to fall 
below 6 calories, and, second, we may com- 
pare the frequencies computed by Linde- 
mann’s formula with those given by 
Planck’s equation and the observed de- 
parture from Dulong and Petit’s law at 
low temperatures. The method of doing 
this was pointed out by Einstein.*° The 
agreement is sufficiently good to warrant 
the conclusion that the departures from 
Dulong and Petit’s law are in fact funda- 
mentally conditioned by atomic frequency. 
But it can not be said that Planck’s equa- 
tion, as applied by Einstein to the com- 
putation of the relation between atomic 
heats and temperatures, succeeds in pre- 
dicting very accurately the observed 
curves.*° Furthermore, the departures are 
in the same direction with all substances. 
They may be explained by introducing 
additional hypotheses into the quantum 
theory, as Nernst and Lindemann have 


* F, A. Lindemann, Phys. Zeit., 11, p. 509, 1910. 
* Einstein, Ann, der Phys., 22, p. 180, 1907. 
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sought to do,*? or by seeking for causes of 
these specific heat relations which have 
nothing to do with quantum theory. The 
one conclusion which this experimental 
work in atomic heats drives home is that 
the principle of equi-partition of energy, 
while valid when applied to atomic vibra- 
tors for certain ranges of temperature, has 
no general validity. This is, however, 
nothing new. If we can not get rid of it 
without a quantum theory, as Planck and 
Poinearé and Jeans all imply, then some 
form of quantum theory has been demon- 
strated to be a necessity. If these atomic 
heat experiments stood alone, however, I 
fancy that other and more easily visual- 
izable explanations would be sought. For 
example, so far, they seem to be qualita- 
tively consistent with an assumption like 
this, namely, that as the absolute zero is 
approached, the atoms begin to freeze to- 
gether, and thus the number of effective 
carriers of energy is diminished. The 
higher the atomie frequency the higher the 
temperature at which this freezing-up 
process begins. The atoms of solids would 
then be imagined to freeze into rigid sys- 
tems of continually increasing size, each 
system being endowed, however, with the 
kinetic energy of agitation appropriate to 
its temperature. It might then become 
possible, before absolute zero was reached, 
for the total kinetic energy content of the 
whole mass to become that of a single mole- 
cule of the surrounding gas. Such an hy- 
pothesis would seem to account well for the 
exceedingly high thermal conductivity of 
non-metals at low temperatures,”” since the 
transfer of energy from point to point 
would be effected by a diminishing number 
of intermediaries as the temperature fell. 
If, however, a quantum theory must be 

“Nernst and Lindemann, Zeit. fiir Elektro- 


chemie, 17, p. 867, 1911. 
*Euken, Ann. der Phys., 34, p. 185. 
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ealled in to account for phenomena in 
other fields, it is of course in the interest of 
simplicity to make it do service in the field 
of atomic heats as well. All that ean now 
be said is that the attempts thus far made 
to apply it quantitatively in this field have 
not been particularly successful, though 
they have been sufficiently suggestive to 
stimulate to further experimenting. New 
data are sure to pour in rapidly in the near 
future. 

3. We now come to the forms of atom- 
istic theory which make radical assump- 
tions regarding the distribution of radiant 
energy in space, rather than in time. The 
least radical of these, because the least gen- 
eral, is that of which Professor Bragg?* is 
the most active exponent. It is frankly 
corpuscular. It was developed, however, 
with a view of explaining the properties 
of one type of radiation only, namely, 
X- and y-rays, and at a time when there 
was some justification for regarding these 
as isolated phenomena. Recent develop- 
ments have strongly emphasized the sim- 
ilarities, rather than the differences, be- 
tween these and other types of so-called 
ethereal radiations. But this in no way 
weakens the positive arguments for a cor- 
puscular form of X-ray. The most com- 
pelling of these arguments is as follows: 

X-rays unquestionably pass over, or 
pass all but an exceedingly minute frac- 
tion of the atoms contained in the space 
traversed, without spending any energy 
upon them or influencing them in any 
observable way. But here and _ there 
they find an atom from which they hurl 
an electron with enormous speed. This 
is the most interesting and most signifi- 
cant characteristic of the X-ray, and 
one which distinguishes it from a- and 
B-rays just as sharply as does the property 


* Bragg, ‘‘Studies in Radioactivity,’’ 1912. 
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of non-deviability in a magnetic field. For 
neither a- nor f-rays ever eject electrons 
from the matter through which they pass 
with ionizing speeds. The energy which 
the X-ray or the y-ray imparts to its chosen 
electron has been conclusively shown by 
many observers to be altogether indepen- 
dent of the intensity of the X-rays, and 
also independent of the nature of the atom 
from which the electron is hurled.** It 
depends solely upon the penetrating power, 
or hardness, of the X-ray. In fact, there is 
strong evidence now for the statement that 
although only a thousandth part of the 
energy of the cathode-ray beam in an X-ray 
tube is transformed into X-rays at the 
anticathode, yet when these same X-rays, 
weak in energy as a whole, fall upon mat- 
ter outside the tube, they eject electrons 
from it with energies as great or nearly as 
great as those of the individual electrons 
of the original cathode rays.” It is as 
though the same energy were passed on in 
new form whenever an X-ray produces a 
B-ray, or a cathode-ray, an X-ray. These 
facts seem to be completely inexplicable on 
any sort of a spreading wave theory. The 
assumption of a continuous absorption by 
an atom of X-ray energy until the atom 
accumulates a sufficient store to eject an 
electron with the observed speed is com- 
pletely untenable, for the time required for 
it to do this, according to the spreading 
pulse theory, would be longer than the life 
of any X-ray bulb, yet as a matter of fact 
this ejection begins the instant the X-ray 
bulb is started. Precisely the same argu- 
ment holds for y-rays. For these are found 
to eject electrons from matter through 


*Innes, Proc. Roy. Soc., UXXIX., p. 442; Sad- 
ler, Phil. Mag., March, 1910; Bestelmeyer, Ann. d. 
Phys., 22, 429. 

* Bragg and Madsen, Phil. Mag., May and De- 
cember, 1908; Whiddington, Proc. Roy. Soc., 1911 
and 1912. 
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which they pass with .9 the velocity of 
light. This corresponds to an energy of 
7X10" ergs. According to Rutherford, 
the total energy of the y-rays per gram of 
radium is 4.7 X 10 ergs, and if we assume 
that the number of y-ray pulses is the same 
as the number of B-rays emitted, namely, 
7 X 10", then the whole energy in a y-ray 
is very nearly 7 X 10° ergs, 7. @., it is 
precisely the same as the energy communi- 
cated by the y-rays to the ejected electron 
even though this ejection may happen at a 
distance of 50 or 100 meters from the 
source. There is then no escape from the 
assumption in the case of X-rays, nor in the 
case of y-rays, unless it be found in the 
uncertainty of the assumption of the iden- 
tity of the number of y-ray pulses and the 
number of 8-rays, that the emitted energy 
keeps together as an entity, or quantum, 
which may be transformed back and forth 
between a B-ray and an X- or y-ray. This 
energy is slowly dissipated into heat in its 
passage through matter while it is in the 
form of a B-ray, but apparently not at all 
while in the form of an X- or y-ray. This 
argument is so close to the undeniable 
experimental facts, at least as they now 
stand, that if X- and y-rays stood by them- 
selves it is probable that there would be 
few opponents to Bragg’s theory as to the 
corpuscular nature of these rays. His 
actual assumption is that X- and y-rays 
consist of neutral doublets whose velocity 
determines the hardness of the ray. This 
is an assumption the truth or falsity of 
which could be tested if we could find the 
speed of X-rays. Opinion is still divided, 
however, as to the validity of conclusions 
drawn from the attempts that have been 
thus far made to identify the velocity of 
X-rays with the velocity of light.*® Even 


* Marx, Ann. d. Phys., 33, p. 1305, 1910, and 
Franck and Pohl, Ann. d. Phys., 34, p. 936, 1911. 
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though these two velocities should be defi- 
nitely proved to be the same, Bragg ’s argu- 
ment for some sort of a corpuscular theory 
of X-rays would still stand. 

But, aside from the minor difficulty of 
accounting for the so-called polarization of 
X-rays, that is, the dissymmetry of their 
emission about the point at which they 
originate, Bragg’s theory encounters the 
supreme difficulty of accounting for the 
rapidly growing evidence of a complete 
parallelism between optical and X-ray 
effects. Thus: 

(1) Ultra-violet light, like X-rays, ejects 
electrons with speeds which have been re- 
peatedly shown to be completely indepen- 
dent of the intensity of the source. I have 
myself raised a doubt about this conclusion, 
but have recently shown that the doubt is 
unjustified,?* and that the conclusion holds 
even when the intensity varies in the ratio 
1,000 to 1. 

(2) In the normal photo-electric effect, 
which has none of the earmarks of a reson- 
ance phenomenon, all observers now agree 
that the speeds of the ejected electrons in- 
crease regularly with the frequency of the 
light,*8 just as the speeds of electrons 
ejected by non-homogeneous X-rays in- 
crease with the hardness of the rays. 
Apparently, too, the law of increase is the 
same in each case. 

(3) There is a selective photo-electric 
effect characterized by the emission at a 
particular frequency of the exciting rays of 
an abnormal number of electrons. This 
emission can not be excited until the fre- 
quency of the incident light reaches a 
definite value which is characteristic of the 
illuminated substance. This selective ef- 
fect bears all the earmarks of an absorp- 

* Physical Review, January or February, 1913. 


*E. Ladenburg and K. Markan, Phys. Zeit., 9, 
p. 821; Hughes, Phil. Trans., CCXII., p. 205, 1912. 
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tion band.*® Precisely similarly there is a 
selective X-ray effect characterized by the 
emission at a given hardness of an abnormal 
number of electrons, and also by the ex- 
citation of a new type of X-ray radiation, 
which differs from the ordinary or scattered 
X-ray in being homogeneous, symmetrical 
about the origin, and having a penetrating 
power which is characteristic of the emit- 
ting substance instead of the quality of the 
exciting X-ray. This so-called homogene- 
ous or characteristic X-radiation can not 
in general be excited until the hardness 
of the exciting ray exceeds a definite 
value. This critical value is nearly pro- 
portional to the atomic weight of the ex- 
cited substance. The exciting rays experi- 
ence absorption at the hardness at which 
the new increase in f-ray emission occurs. 
In other words, this selective X-ray effect, 
like the selective photo-electric effect, bears 
all the earmarks of an absorption band.*° 

(4) Light rays, X-rays and y-rays all 
behave exactly alike in throwing more elec- 
trons forward in the direction in which the 
rays are moving than backward in the 
direction from which they came.** 

(5) Finally, Laue, Friedrich and Knip- 
ping,** by using as a diffraction grating the 
regular arrangement of the molecules 
themselves in a crystalline substance, have 
recently obtained beautifully sharp photo- 
graphic patterns which resemble very 
closely diffraction patterns in light. The 
wave-lengths of the X-rays computed from 
assumed intermolecular distances is about 


* Pohl and Pringsheim, Verh. d. D. Phys. Ges., 
1911 and 1912. 

* Barkla and Sadler, Phil. Mag., May, 1909; 
Sadler, Phil. Mag., March, 1910; Whiddington, 
Proc. Roy. Soc., 1911 and 1912. 

Bragg, ‘‘ Studies on Radioactivity’’; Kleeman, 
Proc. Roy. Soc., 84, p. 93, 1910; Stuhlmann, Phil. 
Mag., 20, p. 331, 1910; and Robinson, Phys. Zeit., 
13, p. 276, 1912. 

® Miinch. Ber., pp. 303-322, 1912. 
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10-* centimeters, or .0001 that of the short- 
est known ultra-violet waves. These ex- 
periments present strong evidence that 
some types of X-rays at least possess a 
periodic character. In a word, then, all 
these similarities suggest inevitably the 
hypothesis that ordinary scattered X-rays 
are white light, of short wave-length, and 
that characteristic X-rays are monochro- 
matic light of short wave-length. If 
Bragg’s neutral pair theory is to have any 
future, it must in all probability, then, be 
extended to all electro-magnetic radiations. 

But how, when a charged pitch ball, for 
example, swings back and forth on its silk- 
thread suspension in our laboratories, are 
the periodic electromagnetic disturbances 
which it sets up in the neighborhood to be 
interpreted in terms of the emission of 
neutral pairs? No one is bold enough at 
present to attempt to thus resurrect a 
straight corpuscular theory of all ethereal 
radiation, with all that it implies regard- 
ing the dependence of the velocity of light, 
on the velocity of the source, the interpre- 
tation of interference phenomena in light 
and of Hertz’s wave phenomena in the 
realm of wireless telegraphy. We need, 
then, a more general hypothesis than that 
of Bragg. 

4. Such a general hypothesis was made 
by J. J. Thomson in his Silliman lectures 
in 1903.%° It was, historically, the first 
form of the modern atomistic theories of 
radiation as regards space relations, al- 
though it is here treated in the fourth 
place, because it stands fourth in the 
violence of the assumptions involved. Like 
Bragg’s theory, it postulates radiant 
energy which is emitted by the source in 
bundles or quanta, though no necessary 
multiple relationship was at first assumed 
between the different elements emitted by 
the same souree. It goes farther than 

*** Electricity and Matter,’’ pp. 63 et seq. 
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Bragg’s theory in endeavoring to reconcile 
this quantum notion with the wave theory 
by assuming a fibrous structure in the 
ether, and picturing all electromagnetic 
energy as traveling along Faraday lines of 
force conceived as actual strings extending 
through all space. This is nothing more 
than a new picture of the structure of the 
ether and one which is perhaps no more im- 
possible than all its rivals. To the support 
of such a hypothesis are brought all the 
arguments urged for Bragg’s theory, while 
the arguments which I have urged against 
Bragg’s theory are removed. It may be 
difficult, not to say repugnant, to some of 
us to attempt to visualize the universe as 
an infinite cobweb spun by a spider-like 
creator out of threads that never become 
tangled or broken, however swiftly elec- 
trical charges may be flying about or how- 
ever violently we enmeshed human flies 
may buzz, but such is the hypothesis, and 
the objections to it will be treated along 
with those of the next and most concen- 
trated form of quantum hypothesis. 

5. This was proposed by Einstein®™ in 
1905, and is simply the J. J. Thomson 
theory of the discontinuous distribution of 
radiant energy in space, assumed still to be 
electromagnetic and hence to have a velocity 
independent of that of the source, with the 
addition of Planck’s original assumption 
that a given source emits and absorbs en- 
ergy in units which are multiples of Av. 
This amendment has apparently been ac- 
cepted by Thomson and seconded by Lar- 
mor. For the energy units, hv, have had 
some experimental successes, the considera- 
tion of which it was thought best to defer 
to this point. 

In the normal photo-electrical effect the 
kinetic energy of the escaping electron in- 
creases with the frequency of the incident 

* Ann. der Phys., 17, p. 132, 1905. 
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light, and the experimental evidence is now 
fairly strong, especially in view of the re- 
cent work of Hughes,** that it is directly 
proportional to v. This is what we should 
expect from the fact that the energy of an 
electron ejected by an X-ray is propor- 
tional to the energy of the cathode particle 
which produces the X-ray. For the ether 
disturbance set up by stopping a cathode 
particle corresponds exactly to the ether 
disturbance set up by a half swing of a 
vibrating electron. We may then compare 
roughly the wave-length of one of the pris- 
matically resolved components of white 
light with the wave-length of a Réntgen 
ray impulse by comparing the half-period 
of the light with the time of stopping the 
electron. This time can be shown to be 
inversely proportional to the energy of the 
electron, the frequency of the X-ray 
produced by stopping an electron may be 
taken as directly proportional to the energy 
of the cathode-ray particle producing it. 
If, then, an X-ray ejects an electron with 
an energy proportional to the energy of 
the original cathode ray, ultra-violet light 
should eject an electron with an energy 
proportional to its frequency. Notice that 
this result is obtained without the aid of 
Planck’s equation, but rather immediately 
from the fairly well demonstrated inter- 
convertibility of X-rays and f-rays and 
the assumption that light rays are nothing 
but soft X-rays. But not only is the ab- 
sorption of energy by an electron from a 
light wave proportional to v, its numerical 
magnitude is approximated at least by mul- 
tiplying the frequency of the light by 
Planck’s value of h. It is true there is 
here no accurate agreement as yet; for part 
of the energy absorbed by the electron is 
lost in getting out of the metal, and the 
exact amount of this loss has not been meas- 


ured with as much accuracy as we hope 
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soon to be able to attain. Nevertheless the 
agreement is now sufficiently good (within 
some 70 per cent.)** to lend some support 
to the notion that the amount of energy 
actually absorbed from the light by the 
escaping electron is hv. 

A still further test of the hypothesis can 
be made by computing the frequency of 
X-rays from the observed velocity of emis- 
sion of corpuscles ejected by them; 7. e., 
from the potential difference between the 
terminals of the X-ray bulb which pro- 
duces them. Thus we have 


hy = — = eJ, 


or if V= 40,000 volts (this would corre- 
spond to fairly hard X-rays such as Laue 


used), 


he X 1077 3X 100 

40,000 

—10 
4.774 & 10-19 & 300 


=3 10>. 


Laue** gets from his diffraction patterns 
wave-lengths ranging from 1.27 to 4.83 X 
10°. Walter and Pohl’s previous diffrac- 
tion measurements** also gave a value of the 
order 10°. This is certainly striking agree- 
ment, and lends some support at least to 
the attempts to extend Bragg’s assumption 
of the inter-convertibility of X- and f£-rays 
to the inter-convertibility of light rays and 
8-rays, or more generally, to the assump- 
tion that whenever an electron is emitted a 
quantity of radiant energy hy is absorbed. 

Furthermore, according to the most re- 
cent experimental results it doesn’t seem 
to make any difference in what form this 
energy approaches the atom which is to 
take it on and reemit it. Thus Whidding- 
ton®® and Beatty*® show that characteristic 
X-rays are excited either by other char- 
acteristic X-rays which are harder than 

* Hughes, J. 


* Miinch. Ber., 363, 1912. 
*% Sommerfeld, Ann. der Phys., 38, p. 473, 1912. 
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those to be emitted, or by the direct im- 
pact of B-rays of a corresponding energy; 
and again, there is now good evidence to 
show that whenever an electron ionizes a 
gas its energy of impact must exceed hy 
where vy is now the natural period of 
vibration of the resonator within the 
atom which is responsible for the selective 
photo-electrie effect.“ All of these results 
are certainly successes of Planck’s ‘* Wirk- 
ungs quantum’’ h, though in directions 
scarcely contemplated originally by the 
theory; for in Planck’s theory it is the 
natural period of the oscillator which deter- 
mines the emission of energy in units of 
size hv, but in the normal photo-electric 
effect the emitted electron has an energy 
which has nothing to do with its natural 
period, if it has one. It is rather the period 
of the incident waves which determine the 
energy with which the electron is ejected. 

I think I have now stated most of the 
important experimental facts which we 
proposed at the outset to review in the 
light of atomistic theories of radiation. 
When we look back over these experimental 
data there are two main results which 
stand out conspicuously through it all. 
The first is that neither atoms nor electrons 
appear to be able to absorb any energy 
until it comes to them in a certain degree 
of intensity, and this degree varies with 
different substances. We see this in the 
realm of low intensity heat waves where, in 
the measurement of atomic heats, different 
kinds of atoms seem to take on their nor- 
mal energy load at different stages, as tem- 
perature rises, the lighter atoms taking it 
on in this ease last; we see it in the realm 
of high intensity heat waves, such as are 
dealt with in finding black-body radiation 
curves; we see it in the realm of photo- 
chemical or photo-electric radiations, where 


“Franck u. Hertz, Ber. d. D. Phys. Ges., 13, 
p. 967, 1911, and 14, p. 167, 1912. 
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different substances begin to emit electrons 
at different frequencies: of the incident 
light; and finally we see it in the realm of 
X-rays, where different substances are ex- 
cited to emit characteristic X-radiations at 
different hardnesses, the heavy atoms in 
this case responding last, instead of first, 
We see further that one intensity factor 
h proves itself, to say the least, exceedingly 
useful in every one of these domains. 

The second important fact that stands 
out is this, that im all types of experi- 
ments in which the absorption of energy 
results in the emission of electrons there is 
apparently a complete, or nearly complete, 
inter-convertibility of energy between an 
electron and a so-called ether ray, whether 
it be an X-ray or a light ray. Now the first 
of these two facts is the one upon which one 
group of quantum theorists is focusing its 
attention and demanding a unitary theory 
which emphasizes primarily an emission of 
energy which is discontinuous in time. The 
second fact, and it is the one which is the 
more striking and the better established, is 
that upon which the other group of theo- 
rists is focusing its attention and demand- 
ing an atomistic theory of radiation as re- 
gards space relations. Now the fifth and 
last of the quantum theories which I have 
presented is that which, in view of both of 
these groups of facts, demands a quantum 
theory which combines both of these char- 
acteristics. The facts which have been here 
presented are obviously most completely 
interpreted in terms of such a theory, how- 
ever radical it may be. Why not adopt it? 
Simply because no one has thus far seen 
any way of reconciling such a theory with 
the facts of diffraction and interference so 
completely in harmony in every particular 
with the old theory of ether waves. Lorenz 
will have nothing to do with any ether- 
string theory, or spotted wave-front theory, 
or electro-magnetic corpuscle theory. 
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Planck has unqualifiedly declared against 
it, and Einstein gave it up, I believe, 
some two years ago; and yet a quantum 
theory which fails completely to interpret 
or take any account of the most striking 
and the best established experimental fact 
which demands a modification of old 
theories, viz., the independence of the 
energy of emission of electron upon the in- 
tensity of the source, or, more generally, 
the inter-convertibility of B-rays and ether 
rays is, at best, a very impotent affair. If 
we are going to leave either of these two 
main groups of facts out of account I think 
almost any experimentalist would say that 
the first group (that having to do with the 
universal constant #) can most easily be 
spared; for if we could have radiant 
energy localized in space we might possibly 
account for all the experimental facts with- 
out having it emitted by a given source in 
exact multiples of something, but spread- 
ing ether pulses which contain energy in 
multiples of something are certainly wholly 
inadequate. They go but a short way 
toward accounting for the present experi- 
mental situation. In conclusion then we 
have at present no quantum theory which 
has thus far been shown to be self-consist- 
ent or consistent with even the most im- 
portant of the facts at hand, and yet it 
looks as though one had to come, and when 
it comes I ean seareely believe that it will 
be one of the milder forms. That we shall 
ever return to a corpuscular theory of 
radiation I hold to be quite unthinkable. 
The facts of the static field alone seem to 
preclude such a possibility. But I see no 
a priori reason for denying the possibility 
of assigning such a structure to the ether as 
will permit of a localization of radiant 
energy in space, or of its emission in exact 
multiples of something, if necessary, with- 
out violating the laws of interference. That 
no one has as yet been able to do this can 


SCIENCE 133 


scarcely be taken as a demonstration that it 
can not be done. Fifty years ago we knew 
that such a thing as an atom existed, but 
we knew absolutely nothing about its strue- 
ture, and it was customary to assume that 
it had none. To-day we know a great deal 
about the structure of the atom, but the 
position formerly occupied by it has been 
assumed by that thing which we eall the 
ether. We know that there is a vehicle for 
the transmission of electromagnetic energy, 
but we know nothing whatever about its 
structure and it has been customary to as- 
sume that it has none. To deny the exist- 
ence of this vehicle, which we have been in 
the habit of calling the ether, and to use the 
word ‘‘vacuum’’ to denote ali the proper- 
ties heretofore assigned to it by the experi- 
mentalist, viz., those of transmitting electro- 
magnetie disturbances, is a bit of sophistry 
in which he is little interested. We seem 
to be on the eve of learning something more 
about the properties of this vehicle, call it 
by what name you will, than we have 
known heretofore. Certainly there has 
never been a time when physics offered 
such tasks to its followers as now, nor ever 
a time when it needed more and better 
brains applied to these tasks. It may be 
that ‘‘rHou art come to the Kingdom for 
such a time as this.’’ 
R. A. MILLIKAN 
UNIVERSITY OF CHICAGO 
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Up till a score of years ago theories of 
intellectual and moral diagnosis suffered 
from two defects. They had not fully 
abandoned the notion that mysterious inner 
forces or agents existed—memory, atten- 
tion, courage, imitativeness, constructive- 

1 Address of the vice-president and chairman of 
Section H—Education—American Association for 
the Advancement of Science, Cleveland, December, 
1912. 
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ness, emulation, kindness, reasoning power 
and the like—each of which was a faculty 


or essence whose nature and degree of | 


strength at any one time could be measured 
onee for all. They had not even begun to 
abandon the notion that men were classi- 
fiable mentally into a rather small number 
of rather distinct types. 

The early practise of diagnosis amongst 
psychologists, so far as there was any, con- 
sisted in inferring the condition of the 
individual’s memory, imagination, power 
of attention, suggestibility and the like, 
from some facts in his behavior in which 
these magic powers ‘‘ expressed ’’ them- 
selves, and in defining him as of this or 
that ‘‘type’’ on the basis of his divergence 
from the average in one or the other direc- 
tion. Workers in schools who had pro- 
gressed so far as to know of these prac- 
tises either accepted their validity or dis- 
trusted them without knowing why they 
did so. The great majority of teachers con- 
tinued to judge intellect, character and 
skill by the traditional means used and 
slowly improved by generation after gen- 
eration since man could think and speak. 

The active experimentation with objec- 
tive ‘‘tests’’ of mental traits during the 
last score of years has shown that ‘‘good- 
ness’’ of memory in the sense of a uniform 
power to hold all that is acquired, closeness 
of concentration in the sense of a uniform 
power to resist at will distractions of every 
variety and other similar general excellen- 
cies or defects, were myths. The measure- 
ments of correlations of the last decade 
have shown that ‘‘types’’ of attentive- 
ness, of imagery and the like, and of intel- 
lect or character as a whole, either do not 
exist at all or are so complicated by inter- 
mediate conditions as to be of no service to 
thought or practise. 

The experimentation with tests and the 
measurements of correlations began, how- 
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ever; with faith in the dogmas which they 
eventually disproved. The great majority 
of workers in the early days of tests as- 
sumed that certain formal general powers 
of mind existed, the strength of each being 
easily diagnosed by any one of its mani- 
festations. Learning ten digits or non- 
sense-syllables was a test of ‘‘memory.”’ 
He in whom the words violin, whistle, bell 
and brook aroused images of sound was 
thereby classified apart from him in whom 
they aroused images of sight. ‘‘Endur- 
ance’’ was measured by the ergograph, or 
by addition, or by the rate of tapping. 
Idiocy, imbecility and feeble-mindedness 
were three real entities, with symptoms 
awaiting our discovery. Even to-day much 
of this expectation that the intellectual 
and moral condition of an individual can 
be adequately described in adjectives, and 
manifests itself by the clear presence or ab- 
sence of symptoms in the way that measles 
and smallpox do, remains. 

Experimentation began to cure itself of 
these traditions as soon as it began to test 
the tests themselves. As fast as it aban- 
doned the habits of assuming a priori what 
a certain fact in behavior signified concern- 
ing the individual’s constitution, and 
sought instead to discover by exact— 
that is, quantitative—observation just what 
constitutional features it actually did go 
with, the older easy but false diagnosis was 
exposed and the basis for present and fu- 
ture achievement was laid. 

Such studies of symptoms and tests are 
roughly of two sorts, those in which two 
distinct groups are compared in respect to 
the trait in question and in respect to the 
various possible symptoms of it, and those 


‘in which a long series of groups, each dif- 


fering but little from the next in order, are 
so compared. In both cases certain prin- 
ciples of method are very desirable, almost 
necessary, because of the continuous grada- 


e 
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tion of men in mental traits up and down 
from a common mediocre condition and the 
wide variability of the same person’s per- 
formance in the same test. 

In the ease where two groups are com- 
pared in respect to some condition (call it 
T) and in respect to some possible symp- 
toms thereof (call them S,, S., ---, Sn) it is 
almost imperative that the amounts of T, 
S,, S., ete., possessed by each individual be 
at least roughly determined. Unless this 
is done we can not tell how symptomatic of 
T each S is, nor compare the significance of 
these S’s with others tested in some other 
investigations; we can only say of each of 
them that it is or is not, in some undefined 
degree, symptomatic of 7’; and perhaps 
that it is more or less so than others of the 
S’s tested in the particular investigation. 
For example, in testing tests for general 
mental ability, Mr. Terman, who merely 
chose five very bright boys and five very 
dull boys without determining how bright 
or how dull they were, has left all his re- 
sults undefined in quantity and incompar- 
able with any one else’s. An otherwise ad- 
mirable study has thus had far less influ- 
ence on educational diagnosis than it should 
have had. It is also desirable that the dif- 
ferences within either group in respect to 
T be small relatively to the difference be- 
tween the central tendencies of the two 
groups, and that the extent to which each 
S separates the first from the second group 
be stated in an exact and commensurate 
quantity. 

Unfortunately, the great majority of 
studies of sane versus insane, ordinary 
versus feeble-minded, bright versus dull, 
color-blind versus color-keen, musical versus 
non-musical, and the like, have left one or 
more of these three requirements unful- 
filled, 

I can not quote a study that is beyond 
reproach in all these respects, but the fol- 
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lowing facts from Dr. Simpson’s test of 
tests of general intellectual ability will il- 
lustrate them roughly. Dr. Simpson de- 
fines the first of his two groups by the fact 
that they were all teachers or graduate stu- 
dents in a university. The group com- 
pared with them were all ‘‘men in New 
York City who had never held any position 
demanding a high grade of intelligence,’’ 
who spoke ‘‘English as their mother 
tongue.’’ 

Two of them were persons earning comfortable 
livings for their families, but men recognized by 
their associates as being dull. Eleven others were 
staying at the Salvation Army Industrial Home at 
the nominal salary of $1.00 per week in addition 
to board and room, until work could be secured. 
One of these held a somewhat responsible position 
at the time, acting as assistant superintendent of 
the home. He stood high in the most significant 
tests. The remaining seven were found in a mis- 
sion on the Bowery where they were being helped 
somewhat until they could find employment. 


As a measure of the extent to which each 
symptom or test separates the ‘‘Poor’’ from 
the ‘‘Good’’ groups, the degree of over- 
lapping is taken. For example, the facts 
for four tests—giving the opposites of 
words, memorizing lists of words, marking 
the A’s on a sheet of printed capitals, and 
discriminating lengths—were: The point 
reached by 50 per cent. of the ‘‘Good’’ 
group was reached by none of the ‘‘Poor’’ 
group in the opposite test or in memory of 
words; by 15 per cent. of them in the A 
test; and by 33 per cent. in the case of dis- 
crimination of length. The point reached ~ 
by 764 per cent. of the ‘‘Good’’ group was 
reached by none of the ‘‘Poor’’ group in 
the opposite test; by 5 per cent. in the case 
of memory of words; by 20 per cent. in the 
ease of the A test, and by 62 per cent. in 
discrimination of length. The percentages 
of the ‘‘Poor’’ group reaching the points 
reached by 88 per cent. and by 94 per cent. 
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of the ‘‘Goods’’ are shown similarly in 
Table I. 


TABLE I 


Percentages of the ‘‘Poor’’ Group Reaching Cer- 
tain Points of the ‘‘Good’’ Group’s Ability 


Percentages of the “ Poor” Group Reach- 
P eS ing the Corresponding Points 
Reaching Certain 


Oo ite| Memo A Dis. of 
Points on the Scales est (of Words! Test Length 


50 per cent. 0 0. 15 33? 
76} per cent. 0 5 20 62? 
88 per cent. 0 10 25 73? 
94 per cent. 0 10 25 88? 


It is obvious that the opposite test is 
highly symptomatic of something which 
differentiates these two groups; that the 
tests in discrimination of length are not; 
and that the four tests are—in order of 
merit as symptoms—in the order named, 
giving opposites, memorizing words, mark- 
ing A’s and comparing lengths. 

When a series of groups, each differing 
slightly from the next in order in the 
amount of the 7 or S taken as the basis of 
comparison, are used, the method of testing 
a symptom’s significance is by its correla- 
tions—by the closeness of the correspond- 
ence of the rankings of the individuals in 
the S’s with their rankings in the 7. Thus 
twelve of the ‘‘Good’’ group in the preced- 
ing illustration were ranked, each by all® 
the rest (they being somewhat acquainted 
with the others’ abilities), for general in- 
tellectual ability. It is then possible, by 
means which I will not rehearse here, to 
measure the closeness of correlation or 
correspondence between the measure for 
-each man that would have been so obtained 
had this ‘‘imputed intelligence’’ been de- 
termined from 12,000, instead of 12, judges 
of each man, on the one hand, and the 
measure obtained for him by repeated test- 
ing with any of the tests. These corre- 
spondences as calculated for the four tests 


* Average of three series. 
*Or nearly all. 
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mentioned were: 96 hundredths of perfect 
correspondence in the case of the opposites 
test, 93 hundredths in the case of the mem- 
ory of words, 21 hundredths in the ease of 
the A test, and apparently zero in the case 
of discrimination of length. 

This method allows a very delicate choice 
amongst tests, provided adequate data are 
at hand. 

Suppose, for example, that arithmetical 
ability is defined as the ability required by 
a given selected set of a hundred arith- 
metical tasks or problems. We ean find 
which ten of these will serve best as a test 
of the ability measured by the entire hun- 
dred, by measuring a suitable group in re- 
spect to the entire hundred, and choosing 
that set of ten whose combined score corre- 
lates most closely with the combined score 
for the hundred (the pairing being by in- 
dividual pupils). This method not only 
demands much time in experimentation 
and calculation, but also a thorough under- 
standing of the general logie and technique 
of measuring relations, including the pe- 
euliar relation of resemblances or mutual 
implication. For example, suppose that 
twenty children, who had in a given year 
been absent, respectively, 100 days, 95 days, 
90 days, ete., down to 5 days, attained, re- 
spectively, average academic grades of 74, 
75, 77, 774, 774, 78, 784, 784, 79, 794, 793, 
80, 803, 803, 81, 814, 813, 82, 83 and 85. 
The correlation by any of the stock methods 
comes out as 1.00, and the investigator 
might fancy that he had proved that for 
the school in question the mark to be re- 
ceived could be perfectly prophesied from, 
and was determined by the same causes 4s, 
the attendance record. Nothing of the 
sort, I assure you, is proved by this perfect 
correlation. It would perhaps puzzle some 
of us to tell just why. 

The method of observing the correspond- 
ence of an individual’s status in the trait 
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taken as a symptom with his status in other 
traits of whose condition it may be a symp- 
tom is of course of wider application than 
shown in the ease supposed. An individ- 
ual’s status in anything may be thus com- 
pared with his status in anything else and 
the correspondence measured. Achieve- 
ment in school studies may be compared 
with achievement in adult life; how far 
skill in motor control and craftsmanship is 
a symptom of ability in abstract intellec- 
tual operations may be _ determined; 
whether mental ability is or is not indica- 
tive of mental health may be decided; what 
an individual’s interests mean for his ca- 
pacities, or what his ability in any one test 
means concerning his ability in any other, 
may be found out. 

One special application of the method of 
correlation is so important as to deserve 
separate mention. This is its use in test- 
ing a symptom by its correlation with some 
future condition. When a psychological 
or educational measurement of an individ- 
ual enables us to make a successful proph- 
ecy concerning the individual’s future and 
one that could not otherwise have been 
made, we have not only the most impressive 
but also the soundest proof of the signifi- 
cance of the symptom in question. Thus 
we rightly increase our faith in Mr. 
Courtis’s analytic tests of arithmetical 
abilities, if we find that he is able to 
prophesy truly that a certain student’s 
work in algebra will be greatly improved 
by certain specified drills in the funda- 
mental operations in arithmetic, though the 
usual observations of her teachers gave no 
hint of this, 


The most important accomplishment of 
the last deecade’s study of intellectual and 
moral diagnosis has been to establish prin- 
ciples of method for testing symptoms. But 
there has been also a substantial beginning 
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in accumulating facts of symptomatology 
which education and the other social arts 
can henceforth use. These I shall not try 
to summarize, but only to illustrate. 

As our first illustration of the knowledge 
of intellectual diagnosis that has been at- 
tained and may be expected soon to be 
much increased, let us take the case of gen- 
eral intellect—the ability to manage ideas 
—the average station of a man in respect 
to that group of powers which we call in- 
tellectual. 

In order to avoid technicalities and to 
gain clearness I shall go somewhat beyond 
the specific results obtained by Burt, 
Bonser, Norsworthy, Simpson, Spearman, 
Krueger, Peterson and myself in testing 
tests of general intellectual ability. I shall 
in fact be guilty of prophesying what would 
occur rather than measuring what has 
actually been found to occur. However, 
the prophecy follows by straightforward 
inferences from facts found by one or 
another of these workers. Moreover, since 
I shall be careful to underestimate rather 
than overestimate the closeness of the cor- 
relation between an individual’s general in- 
tellectual ability and his ability in any of 
the tests, the prophecy will be safe as an 
argument that the results of the study of 
mental tests are beginning to be important 
for education and the other arts of social 
control of human nature. 

Suppose the men and women of this audi- 
ence were measured in respect to these eight 
tests, four trials of each being given: 

1. Supplying words to make sense in mutilated 
passages, the four trials being of four grades of 
difficulty. 

2. Giving the opposites of words, each trial com- 
prising twenty words, the four trials being of four 
grades of difficulty. 

3. Memorizing a given word in connection with 
a given form, as in Fig. 1, so as to give the former 
when the latter is presented (there being ten pairs 
in each ‘‘trial’’). ‘ 
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4. Selecting from 50 forms, as in Fig. 2, 25 
forms previously shown and examined for a min- 
ute or two. The 25 forms are shown in Fig. 3. 


health 
gale 
veal 
(wo 
rank 
coal 
nice 
march 


crave 


4am 
Fie. 1 


5. Marking the necessarily false statements in 
mixed series of false and true statements, the four 
trials being of four grades of difficulty. 


AY 
OOSOMOOVEH 
CAIBIA 


a 
bo 


IN 
DY 


ao lve 


9 
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6. Addition. 

7. Doing what is directed in such instruction- 
sheets as: 
Cross out the smallest dot .. . 
How many ears has a cat 
Make a line across this line | 

etc., ete. 

and 

With your pencil make a dot over any one of 
these letters: F G H I J and a comma after the 
longest of these three words: boy mother girl. 
Then if Christmas comes in March, make a cross 
right here but if not, pass along to the 
next question and tell where the sun rises ...... 
If you believe that Edison discovered America 
cross out what you just wrote, etc., etc. 

8. Selecting valid from invalid reasons for a 
given fact, the four tests being of four grades of 
difficulty. 


The time required would be approxi- 
mately two hours, say thirty minutes a day 
on four days chosen at random. 

From the combined score made by an in- 
dividual in these eight tests, his general in- 
tellectual ability—his capacity, that is, for 
science, scholarship and the management of 
ideas of all sorts—could be prophesied with 
a surprisingly small error. Suppose that 
the general intellectual ability of the dull- 
est men who are able to look after and sup- 
port themselves (men who though temper- 
ate and strong earn say $400 a year in 
good times in New York City) be repre- 
sented by a and that of Aristotle or Goethe 
by a+, the difference, b, being 100. Then 
the amount of such ability assigned by the 
test alone would not, on the average, vary 
from the individual’s true amount by more 
than 5; and would not vary therefrom by 
more than 14 in one case out of a hundred. 
The 5 and 14 are very cautious estimates, 4 
and 11 being probably nearer what such an 
experiment would in fact reveal. 

If each of us knew all in the company 
well and wrote down the names in an order 
of general intellectual ability, and if all of 
these orders were combined into an order 
representing the impartial judgment of the 
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total group about each of its members, this 
order would be hardly any truer than the 
order got by using the combined scores of 
the tests alone. The two orders would in- 
deed be practically identical. There is ex- 
cellent reason to believe that it is literally 
true that the result of two hours’ tests 
properly chosen from those already tested 
gives a better diagnosis of an educated 
adult’s general intellectual ability than the 
result of the judgments of two teachers or 
friends who have observed him in the ordi- 
nary course of life each for a thousand 
hours. 

There might, of course, be amongst this 
group certain individuals of great but very 
highly specialized intellectual ability, as in 
music or military strategy or mathematics, 
who would be rated much lower by this 
team of tests than by the general test of 
life itself. There might also be certain in- 
dividuals especially able in just the lines of 
intellect which these eight tests measure, 
but low in others, so that their rating by 
these tests would be much too high. How- 
ever, such extremely specialized intellects 
seem to be rare, and this team of tests cov- 
ers a wider range of the various factors to 
which men assign credit as intellectual abil- 
ity than a superficial examination reveals. 
No student of the matter would pretend to 
diagnose a man’s station amongst other men 
for total intellect perfectly in two hours, 
or in twenty! But we can by these tests 
measure approximately the general intel- 
lectual ability of educated men when per- 
sonal knowledge of them and their achieve- 
ments is lacking, and can enrich and im- 
prove on that knowledge, when it is present. 


As a second illustration I choose the very 
practical case of prophesying how long a 
pupil will continue in high school. 

Dr. Van Denburg secured certain infor- 
mation from each of a thousand pupils en- 
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tering the public high schools of New York 
City in February, 1906, and then kept 
track of the length that each continued in 
the high school. Consider first the signifi- 
cance of the pupils’ answers to the follow- 
ing questions, obtainable in ten minutes or 
so on the very day that a pupil enters the 
high school : ‘‘ What do you intend to do for 
a living?’’ ‘‘Do you intend to stay in high 
school four years?’’ 

If we let a line two inches long represent 
eight terms or four years, and draw below 
it the lines representing the median length 
of stay* in high school of each of the groups 
of pupils defined by one sort of answer, we 
get the facts shown in Fig. 4. 


Fig. 4 


It is the case, of course, that the prophecy 
made for any individual is only one of 
probability. A pupil who reports herself 
as intending to complete the course may 
stay only a half year and a pupil who re- 
ports himself as intending not to complete 
the course may remain for four years. 
Only in the long run and on the average 
can we be certain that the latter will stay 
five times as long as the former. The ex- 
pectation for the two groups is shown more 


‘That is, the length of stay that half of the 
pupils in the group in question stay longer and 
half not so long. 


‘ 
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completely in Fig. 5, where the area over 
each successive fraction of the four years 
represents the percentage of pupils who 
drop out from high school during that frac- 


Fie. 5a 


Fig. 5b 


tion of the four years. Thus the chance 
that the ‘‘no’’ pupil will drop out before 
the second half year is 58 out of 100, or al- 
most five times the chance that a ‘‘yes’’ 
pupil will. The chance that a ‘‘no’’ pupil 
will stay four years is 7.3 out of 100 or less 
than one fifth the chance that a ‘‘yes’’ 
pupil will. 


id 

— — 

Fic. 6 
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An important negative fact in diagnos- 
ing the probable length of a pupil’s stay in 
the New York City public high schools is 
shown in Fig. 6. Economie conditions, as 
measured by the family expense for rental, 
are seen to be insignificant. 

In from one to three munths after these 
pupils entered school they were rated by 
their teachers for ability, defined as fol- 
lows: ‘‘Native ability apart from success 
or failure in any particular subject of 


Fig. 7 


study. Natural brightness.’’ The median 
expectation of the top tenth and bottom 
tenth by the rating are as shown in Fig. 7, 
the detailed facts being given in Fig. 8. 

For those of the pupils who stayed 
through the first term or nearly to its close 
so as to receive formal school marks in 
their studies, the relation of school achieve- 
ment in the first term to length of stay was 
ealeulated. It is shown in part in Fig. 7 
and Table II. Ten times as many of those 
marked below 50 leave in the first year as 
of those marked 90 or above. Of 115 pupils 
marked below 50 not one remained to grad- 
uate in four years. As the marks rise the 
percentage leaving in the early years stead- 
ily falls, and the percentage graduating, 
rises. 
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Fig. 8a 


Fie. 8b 


TABLE Il 


The relation of First Term’s Mark to Length of 
Stay in High School 


Percentages Leaving School Each Year After 


Entrance 
First 
R ined 
| Left | Left Left “Four 
ears rad- 
Third Fourt Without | uated 
Year | Year Year | Year | Gradu- 
ating 
Below 50! 61 22 8 4 6 0 
50 to 59| 49 5 
60 to 69| 39 3 
70to 79) 20 18 
80to 89, 17 37 
90 to 100 6 12 12 6 12 54 


Such prophecies as these for New York 
City could easily be worked out for any 
community. They show that in the im- 
portant matter of length of stay in school 
a pupil’s career is far from being a matter 
of unpredictable fortuity. Useful diag- 
nosis of him and prognosis concerning his 
high school career can begin before he sets 
foot in the school, and for that matter, as 
other facts could be adduced to show, be- 
fore he is born. 
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These two specimens of recent work in 
educational diagnosis give a just notion of 
what may be expected from the scientific 
study of human capacities, interests and 
eareers. The worker who will make re- 
peated tests of the general intellectual de- 
velopment or the special school achieve- 
ment of any hundred human beings for any 
five years of their lives, utilizing the logic 
and technique appropriate to mental and 
social measurements, may be sure of con- 
tributing to the advancement of educa- 
tional science, 

The work of observing and measuring the 
relations between traits of man’s constitu- 
tion, circumstances of his environment and 
events in his career, both as these happen 
in nature and as they are modified by in- 
genious experiment, is sure to increase our 
knowledge of his nature and our power 
over his fate. It will not be long before the 
members of this section will remember with 
amusement the time when education waited 
for the expensive test of actual trial to tell 
how well a boy or girl would succeed with 
a given trade, with the work of college and 
professional school, or with the general 
task of leading a decent, law-abiding, hu- 
mane life, 

This work of testing tests—of measuring 
the relations of this and that feature of a 
man’s educational life-history—has been 
neglected by many of the ablest students of 
human nature and education, partly, I 
think, because it seems to lack the inspira- 
tion of sweeping theories and the drama of 
immediate consequences. From the ordi- 
nary point of view it is a little trivial and 
tedious. But in the sense that the law of 
gravitation has a grandeur far beyond that 
of the heavens—in the sense that a change 
in the death-rate is the most truly dramatic 
event in nature—in this sense the task of 
testing tests gives way to no scientific work 
in dignity and humaneness. Tables of cor- 
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relations seem dull, dry, unimpressive 
things beside the insights of poets and pro- 
verb-makers—but only to those who miss 
their meaning. In the end they will con- 
tribute tenfold more to man’s mastery of 
himself. History records no career, war 
or revolution that ean compare in signifi- 
eance with the fact that the correlation be- 
tween intellect and morality is approxi- 
mately .3, a fact to which perhaps a fourth 
of the world’s progress is due. Experi- 
ments measuring the effects of school sub- 
jects and methods seem pedantic and inhu- 
man beside the spontaneous tact and in- 
sight of the gifted teacher. But his per- 
sonal work is confined by time and space to 
reach only a few; their results join the free 
common fund of science which increases 
the more, the more it is used, and lives for- 


ever, 
E. L. THORNDIKE 


W. G. WRIGHT 


WittiuM Greenwoop Wricut died on Sun- 
day afternoon, December 1, 1912, in the eighty- 
third year of his age. He had been in ap- 
parently good health and spirits for some time 
past. He was found dead sitting in his chair, 
a newspaper fallen from his relaxed grasp. 
The cause was heart failure. 

He was born near Newark, New Jersey; his 
early education was limited. He was a soldier 
in the Union army during the civil war, and 
soon after the close of that conflict he must 
have come to California, where he resided a 
few years in Los Angeles, where his only 
child was born and died in infancy. He went 
to San Bernardino about 1873, where he re- 
sided until, his death and where he con- 
ducted a planing mill. About fifteen years 
ago he retired from active business, and spent 
his time in collecting and gathering material 
for his work on butterflies. His wife died a 
number of years ago, and he leaves no near 
relatives. 

His collection of butterflies and library he 
has left to the California Academy of Sci- 
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ences, San Francisco. Some other collections 
are to be sold. Mr. S. B. Parish, the noted 
botanist, and the executor of Wright’s estate, 
has given me the few data now obtainable. 

W. G. Wright traveled all over the west 
coast from Alaska to Mazatlan, Mexico, col- 
lecting specimens in various departments of 
natural history, but especially the Lepidop- 
tera. He published an interesting account of 
his travels in Mexico in Zoe. An article in 
the Overland Monthly for 1884 is entitled 
“A Naturalist in the Desert,” and an article 
on “ Collecting in Alaska,” which can not now 
be located. Other papers are found in Ento- 
mologica Americana, Canadian Entomologist, 
Papilio, Entomological News and Edwards’s 
“ Butterflies of North America.” Perhaps the 
most important service he rendered to science 
was the help he gave to W. H. Edwards in the 
great work just mentioned. In the Ornithol- 
ogist and Oologist, for February, 1885, we 
find an article on “An Experiment in Bird 
Taming,” with Phainopepla nitens; his name 
is frequent in the two large volumes, “ Botany 
of California,” as he was an enthusiastic col- 
lector of plants. His most important book, 
“The Butterflies of the West Coast,” was 
published in San Francisco in October, 1905, 
and was really an epoch-making publication, 
notwithstanding the numerous inevitable mis- 
takes. This work was illustrated entirely by 
color-photography. 

Among the insects which have been named 
in his honor by different men, are: Melitea 
wrightti, Copwodes wrightii, Gluphisia 
wrightii, Leptarctia wrightii and Selidosema 
wrightiaritum. He named a number of new 
species, but a good many of these, especially 
those in his 1905 book, are synonyms. 

Mr. Wright was a close friend of the two 
noted pioneer botanists and collectors, Edward 
Palmer and C. C. Parry, and made many ex- 
cursions, of varying lengths, with them. He 
knew many other botanists and entomologists 
also. 

W. G. Wright will always be remembered 
by those who were so fortunate as to have 
known him personally. He was a naturalist 
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in the true sense; such naturalists becoming 


fewer as the years pass. 
The captains and the kings depart. 


Forpyce GRINNELL, JR. 
PASADENA, CALIFORNIA 


SCIENTIFIC NOTES AND NEWS 


Sir Henry Roscoe celebrated his eightieth 
birthday on January 7 at Woodcote Lodge, 
West Horsley. His former pupils and 
friends have resolved to commemorate the oc- 
casion by presenting his bust to the Chemical 
Society of London. A deputation headed by 
Sir Edward Thorpe went to Woodcote and 
presented an address of congratulation. 


Tue twenty-fifth anniversary of Professor 
Charles Richet’s appointment to the chair of 
physiology at the Faculté de médecine de 
Paris was celebrated on December 22. He 
was presented with a Festschrift containing 
some eighty contributions from distinguished 
physiologists, and addresses of congratulation 
were made. 


Capratin Roatp AMUNDSEN received the gold 
medal of the American Geographical Society 
on January 14, when he addressed in Car- 
negie Hall an audience of 3,000 persons. He 
will receive the gold medal of the Geographical 
Society of Chicago on February 3. He will 
be the first to receive this medal, as he was the 
first to receive the Culver Gold medal in 1907. 


Proressor Grorce ©. Comstock, director of 
Washburn Observatory, University of Wiscon- 
sin, has been elected a fellow of the American 
Academy of Arts and Sciences. 


Dr. Geore Cantor, professor of mathematics 
at Halle, has been made an honorary doctor 
of the University of St. Andrews. 


Masor Sir Ronatp Ross, F.R.S., has been 
appointed physician for tropical diseases to 
King’s College Hospital, and will take up his 
duties in the autumn, after the removal of the 
hospital to Denmark Hill. Sir Ronald Ross 
is now professor of tropical sanitation in the 
University of Liverpool. 


Proressor Franz Boas, of Columbia Uni- 
versity, has been appointed lecturer in anthro- 
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pology at Harvard University for the second 
half year. 


At the recent meeting of the American 
Phytopathological Society at Cleveland the 
following officers were elected for 1913: 

President—F. C. Stewart, New York Agricul- 
tural Experiment Station, Geneva, N. Y. 

Vice-president—Haven Metcalf, U. S. Depart- 
ment of Agriculture, Washington, D. C. 

Secretary-treasurer—C, L. Shear, U. 8S. Depart- 
ment of Agriculture, Washington, D. C. 

Councillor—W. J. Morse, Agricultural Experi- 

ment Station, Orono, Me. 
The society decided to hold its next annual 
meeting at Atlanta, Georgia, in conjunction 
with the American Association for the Ad- 
vancement of Science. 


Proressor A. S. Hircncock, systematic 
agrostologist, U. S. Department of Agricul- 
ture, has returned from the West Indies. He 
visited Jamaica, Trinidad, Tobago and, inci- 
dentally, Cartigena and Puerto de Colombia. 
In Jamaica 643 numbers of grasses were ob- 
tained, representing about 168 species, and 
including all except four of the species known 
from this island, and many species not hith- 
erto recorded. From Trinidad 337 numbers 
were collected, representing 140 species, and 
from Tobago 90 numbers representing 65 
species. Mr. Hitchcock was successful in 
recollecting nearly all the species whose type 
localities are in these islands. 

Proressor WituiaM J. G. Lanp, of the de- 
partment of botany of the University of Chi- 
cago, has returned with a large collection of 
botanical specimens from Australia and the 
islands of the Pacific. 

Mr. A. C. Veatcon, formerly chairman of 
the Land Classification Board of the United 
States Geological Survey, has arrived at the 
Cosmos Club, Washington, D. C., from Lon- 
don. He expects to spend a short time in the 
United States looking for men to assist him 
in his geological investigations, which have 
extended to many parts of the world. 

Proressor J. E. Durerpen, Rhodes Univer- 
sity College, Grahamstown, South Africa, has 
been invited by the government of British 
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East Africa to visit the protectorate to lecture 
and advise upon ostrich farming. 


Tue president of the British Board of Edu- 
cation has appointed an advisory council for 
the Science Museum, London. The council 
will be asked to advise the board on questions 
of principle and policy arising from time to 
time and to make an annual report on their 
proceedings to the board, together with any 
observations on the condition and needs of 
the museum which they may think fit to make. 
The following will be the first members of the 
council: Sir Hugh Bell, Bt., chairman; Mr. R. 
Elliott Cooper; Dr. J. J. Dobbie, F.R.S.; Mr. 
W. Duddell, F.R.S.; Mr. E. B. Ellington; Sir 
Maurice FitzMaurice; Sir Archibald Geikie, 
F.R.S.; Dr. R. T. Glazebrook, F.R.S.; Sir 
Alfred Keogh; Sir William Mather; Sir John 
Murray, F.R.S.; Sir William Ramsay, F.R.S.; 
Sir Henry E. Roscoe, F.R.S.; and Sir William 
H. White, F.R.S. The secretary will be Cap- 
tain H. G. Lyons, F.R.S., of the Science 
Museum. 


Proressor CHartes 8. Mrixot, who is now 
serving as the Harvard Austausch-Professor 
at Berlin, delivered from December 16 to 21 
six lectures on “ Moderne Probleme der Biol- 
ogie” before the University of Jena. The 
subjects were: 


1, The new cell doctrine. 
Cytomorphosis. 

The doctrine of immortality. 
The development of death. 
The determination of sex. 

6. The conception of life. 


The lectures were delivered before the uni- 
versity in the Aula and were attended by both 
students and professors. At the third lecture 
the Grand-duke of Saxe-Weimar was present 
in his official capacity as rector of the uni- 
versity. It was at his suggestion that the 
arrangement was made with the Prussian 
ministry of education by which the Harvard 
professor was to visit Jena, as an acknowledg- 
ment of the visit to America of Professor 
Eucken, who is a member of the philosophical 
faculty of Jena. It is the first time that an 
American exchange professor has served offi- 
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cially at any German university besides that 
at Berlin. Professor Minot’s lectures were 
delivered in German and will be published 
shortly by the firm of Gustav Fischer. 


Unpver the auspices of the department of 
geology of Columbia -University, Professor 
William Morris Davis delivered a series of 
three lectures from January 14 to 16 on 
“Dana’s contribution to Darwin’s theory of 
coral islands,” “ The Valley of the Armancon: 
a study in physiographic analysis,” and “ The 
principles of geographical exposition.” On 
January 17 Mr. Donald F. MacDonald, geol- 
ogist of the Panama Canal, addressed the 
students of the department on “ The general 
geology of the Panama Canal Zone.” 


Durine the- week of December second, Dr. 
S. W. Williston, professor of vertebrate pale- 
ontology in the University of Chicago, gave 
the annual Sigma Xi lectures in a circuit 
composed of Washington University, Univer- 
sity of Missouri and the University of Kan- 
sas. His subjects were “The Earliest Land 
Animals” and “ The Evolution and Distribu- 
tion of the Earliest Land Animals.” 


Dr. Greorce C. Comstock, of the University 
of Wisconsin, gave the Sigma Xi address at 
Purdue University on January 17, his subject 
being “ The Study of the Stars.” 


Dr. J. A. Detursen, of the Agricultural Col- 
lege of the University of Illinois, has deliv- 
ered a series of lectures before the Kansas 
Agricultural Board and University on “ Ge- 
netics in the Agricultural College.” 


Proressor H. J. WHeeter, manager of the 
agricultural service bureau of the American 
Agricultural Chemical Company, Boston, 
Mass., lectured on the eighth inst. before the 
New Jersey State Board of Agriculture on 
“Some Interrelations of Plants, Soils and 
Fertilizers.” 


Mr. S. A. Courtis, head of the department 
of science and mathematics in the Home and 
Day School of Detroit, and supervisor of test- 
ing work in the Boston public schools, spoke 
on January 17, under the auspices of the Har- 
vard chapter of Phi Delta Kappa, an honor 
society in the division of education. Mr. 
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Courtis has tested the mathematical ability of 
several thousand school children in New York 
and Boston, and described the results of his 


tests. 

Dr. R. Rueeies Gates, lecturer in biology, 
St. Thomas Hospital, London, is giving a 
course of lectures on heredity and mutations 
at the Imperial College of Science and Tech- 
nology. 

Tue fourth centenary of the birth of 
Andreas Vesalius, the pioneer of modern anat- 
omy, will be celebrated this year with appro- 
priate ceremonies at Brussels. 

Tuappeus S. C. Lowe, of Los Angeles, chief 
of the aeronautic corps of the U. S. Army 
during the civil war, died on January 16, in 
his eighty-first year. Mr. Lowe made inven- 
tions in various fields, including balloons and 
instruments for atmospheric investigation, 
and artificial ice, metallurgical and water-gas 
apparatus. He built the Mount Lowe railway 
and established the Mt. Lowe Observatory in 
the Sierra Madre Mountains. 

Proressor GreorGe AuGustus pro- 
fessor of chemistry at the Michigan College of 
Mines since 1892, and previously professor of 
mineralogy and metallurgy in the University 
of Pennsylvania, died on January 14, aged 
sixty-eight years. 

M. Louis Paut CatLuetet, the distinguished 
French chemist, known especially for his work 
on iron and acetylene and on liquefaction of 
gases, has died in his eighty-first year. 

Tne death is also announced of M. Léon 
Teisserene de Bort, the French meteorologist, 
known especially for his work with captive 
balloons. 


Dr. Orro ScHorrensack, professor of an- 
thropology at the University of Heidelberg, 
died on December 23 in his sixty-third year. 

Dr. Yustro Morora, professor of psychology 
in the University of Tokyo, died on Decem- 
ber 12. Dr. Motora took the doctor’s degree 
in psychology about twenty-five years ago at 
Johns Hopkins University. 

FrepertkK HyatmMar JOHANSEN, who accom- 


panied Dr, Nansen in sledge journey across 
the North Polar ice, and Captain Amundsen 
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on his recent Antarctic expedition, has died at 
the age of forty-six years. 


WE regret also to announce the death of 
Dr. E. Tavel, professor of surgery at Bern, 
and Dr. G. Tilling, professor of surgery at St. 
Petersburg. 


UNIVERSITY AND EDUCATIONAL NEWS 


Tue Rev. John Henry Ellis, of Collingham- 
gardens, South Kensington, has left, subject 
to his wife’s life interest, the residue of his 
property, which will amount to not less than 
£90,000, to Cambridge University, “to be en- 
joyed and applied both as to capital and in- 
come by them for the general purposes of the 
university, in such manner as they may think 
fit.” 

AN anonymous graduate has given Harvard 
University $80,000 for a building for the de- 
partment of music, and other graduates and 
friends have subscribed as an endowment fund 
for its maintenance more than $50,000. It 
will be used for the courses in the theory and 
history of music, the only branches of that 
subject which are taught at Harvard. It will 
have a hall of suitable size for chamber con- 
certs, in which will probably be installed a 
pipe organ. The building will also be the 
headquarters for the musical organizations of 
the university. 

Yankton Couuece has received from Mr. 
James J. Hill an offer of $50,000 for increas- 
ing the endowment, conditioned on the rais- 
ing of $200,000 in addition, within two years. 

Bates Cotiece dedicated on January 14 its 
new science building, Carnegie Hall. Presi- 
dent George ©. Chase gave a brief historical 
address, outlining the growth of the scientific 
departments at Bates in recent years, and tell- 
ing of the efforts necessary to raise the $100,- 
000 in order to claim Mr. Carnegie’s gift of 
$50,000. Professor William T. Sedgwick, of 
the Massachusetts Institute of Technology, 
gave the formal address, taking as his theme, 
“The Interpretation of Nature.” 

At the winter meeting of the board of trus- 
tees, Cornell University, held in New York 
on January 18, the election of a dean of the 
faculty of arts and sciences was referred to 
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the faculty with power. This is in accord- 
ance with the recommendation made by Presi- 
dent Schurman in his last annual report. 
Hitherto the deans have been nominated by 
the president and appointed by the trustees. 

At Harvard University Dr. L. J. Rhea has 
been appointed assistant professor of pathol- 
ogy, and Dr. Dunham Jackson instructor in 
mathematics. 


Dr. Avexis Harpinea, of Geneva, N. Y., has 
been appointed to the department of dairy 
husbandry in the Agricultural College of the 
University of Illinois with the title of pro- 
fessor of dairy bacteriology in the college and 
chief in dairy bacteriology in the station. 

Dr. Kart M. Wiecanp has been appointed 
professor of botany in the State College of 
Agriculture of Cornell University. 


DISCUSSION AND CORRESPONDENCE 


UNDERGRADUATE RESEARCH WORK IN MEDICAL 
SCHOOLS 


To THe Eprror or Science: A recent article 
in Scrence (November 29, 1912) by Mr. 
Drinker comments upon “ Undergraduate Re- 
search Work in Medical Schools.” In this 
article I find certain points that deserve com- 
ment. One of these points is this: 

If we classify all these schools upon the basis 
selected by Mr. Flexner in the first report of 
the Carnegie Foundation in Medical Education, 
namely, upon the possession or lack of a two 
years’ college entrance requirement, we find that 
of the schools permitting undergraduate research 
five fail the test. 

The University of Cincinnati is one of the 
five. Another point is contained in the clause, 
“Schools permitting research and giving no 
visible time for it,” ete. 

I desire to point out that unless qualifica- 
tions are added to such statements they are 
very misleading; and also I desire to point out 
that making the point of a one-year or a two- 
year requirement means absolutely nothing 
unless the facts concerning the enforcement of 
such a requirement are known, and unless the 
requirement itself is a definite one. I make 
this statement upon the basis of certain facts 
that I have collected in the past year. 
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The University of Cincinnati demands for 
entrance to its college of medicine one year of 
specified work in subjects which are generally 
conceded to be advisable, if not necessary, 
premedical subjects; namely, physics, chem- 
istry, biology and modern language. At the 
University of Cincinnati, a year in these sub- 
jects means a certain amount of ground coy- 
ered, in a certain amount of time, 7. e., three 
lecture periods (hour periods), and two three- 
hour laboratory periods, per week. The ad- 
mission committee of the college of medicine, 
composed of the heads of the departments of 
chemistry, anatomy and pathology, have in- 
sisted that students coming from other col- 
leges should present a working knowledge in 
physics, chemistry and biology equal to that 
demanded of University of Cincinnati pre- 
medical students. In the past year or so a 
few students have been refused admission by 
our admission committee, in spite of the fact 
that they had had a college year of physics, 
chemistry and biology, but had had courses in 
these subjects which could not reasonably be 
expected to produce the results that we de- 
manded, or which did not produce these re- 
sults, as proved by practical, oral, tests. Such 
students, however, had no difficulty in enter- 
ing colleges whose announcements place them 
in the first group of Mr. Flexner. Apparently 
it is sometimes true that a one-year standard 
is a higher one than a two-year standard. It 
makes a great deal of difference whether a 
school lives up to a standard of efficiency, or a 
standard of prose (or poetic terms). 

With regard to the “visible time” for re- 
search, I have no fault to find with Mr. 
Drinker, because in spite of everything he 
reaches a conclusion that appeals to me, but 
“visible time” in a schedule means nothing. 
If there is no “ visible time ” it may mean that 
the schedule has been arranged to suit the 
students who have just met the requirements, 
and that, so to speak, “invisible” time is a 
plenty for those who have more than met such 
requirements. But even aside—even admit- 
ting that all the students just meet the re- 
quirement—one needn’t treat them all alike. 
As a matter of fact, it were well to try to treat 
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all differently. It is interest and enthusiasm 
we are after in medicine—not the dead routine 
of a schedule. We need very badly pedagogic 
vitality. One man may make, or be able to 
make, twice the progress of another in a cer- 
tain subject. Why tie him to the class sched- 
ule? Why not take him into your own labora- 
tory, for his class periods, give him an assign- 
ment of special work, and talk it all over with 
him. It is a stimulus to students and teach- 
ers. It makes for progress in the student, not 
for stagnation. It widens his perspective, and 
not infrequently wakes the teacher. A sched- 
ule is made for the general mediocrity, and in 
its planning visibility is a prime necessity. 
Pau. G. 
Dean 
COLLEGE OF MEDICINE, 
UNIVERSITY OF CINCINNATI 


A PROPOSAL FOR THE CONTROL OF CERTAIN 
MOSQUITOES 


Wirn the discovery that a number of dis- 
eases are transmitted solely by certain mos- 
quitoes the control of these insects has become 
an important problem. But for successful 
control work exact knowledge of the species 
involved and of their habits is essential. 
Until a decade ago Réaumur’s admirable pres- 
entation of the life history of the common 
house mosquito (Culex pipiens L.) has been 
almost universally considered applicable to 
mosquitoes in general. Nothing was known 
of the specialization of habits in the different 
species and it was generally supposed that in 
temperate regions all mosquitoes hibernated 
in the adult female condition, to deposit eggs 
and start a new generation with the return 
of warm weather. Students of the group now 
know that there is great diversification of hab- 
its and that the old generalizations apply to 
but a very small proportion of the many 
species of mosquitoes. Nevertheless, the old 
ideas persist with many and are still dissem- 
inated in well-meant attempts to popularize 
the subject. One often encounters recommen- 
dations for mosquito-control based upon these 
old ideas and leading to failure and useless 
expenditure. 
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The greatest misconception is that swamps 
and bodies of stagnant water in general con- 
tinue to produce mosquitoes in quantities 
throughout the warm months and that to re- 
duce mosquitoes it is only necessary to oil or 
petrolize such places at sufficiently frequent 
intervals. In fact the bulk of the mosquito 
population of our northern woods and swamps 
(and this is true of Eurasia as well as of 
North America) is derived from larve which 
develop in the snow-water of early spring. . 
During a short period all the lesser bodies of 
water swarm with mosquito-larve, to shortly 
become, for the remainder of the season, prac- 
tically barren. The larve hatch from eggs 
which were deposited the previous summer on 
leaves or rubbish in depressions of the ground. 
There is but a single brood and the larval 
period is short; the female imagos are long- 
lived (weeks and even months) and the egg- 
stage lasts through the winter to the following 
spring. 

The species of mosquito which conform to 
the old idea, hibernating as female imagos and 
producing a series of generations during warm 
weather, are, in temperate regions, few in 
number, and their control is comparatively a 
simple matter. It is true that in villages, 
towns and cities even in the northern states 
these Culex mosquitoes will breed in tin cans 
and bottles on waste lots, in cesspools, rain- 
water tanks, rainwater barrels and other re- 
ceptacles, and cause much annoyance. A 
community wishing to rid itself of such mos- 
quitoes must carry on a warfare directed 
against these particular mosquitoes. 

The species hibernating as eggs and devel- 
oping in early spring (mostly belonging to the 
genus Aédes, sense of Dyar and Knab) are, on 
the contrary, numerous in species and individ- 
uals, and under suitable conditions very an- 
noying. Their control, through destruction 
of the larve, is a difficult matter. Petroliza- 
tion, the method most recommended, must be 
carried out at just the right time. As the 
larve occur in practically all the numerous 
pools of snow-water scattered through woods 
and fields, operations will have to be very 
extensive to bring appreciable results. More- 


148 


over, in exposed places the wind is sure to 
drive the film of oil to one side and make it 
more or less ineffectual. It therefore appears 
that oiling for the control of these mosquitoes 
is not practical. Drainage, in many cases, can 
not be considered on account of the numerous 
small pools in which the larve occur. 

The difficulty apparently has been solved in 
a recent suggestion by Dr. Adolf Eysell.’ 
Discussing a recent pamphlet on mosquitoes 
by P. Sack, he criticizes the antiquated views 
and states that in Germany only three species 
of mosquitoes, Culex pipiens, Culiseta annu- 
latus and Anopheles maculipennis, hibernate 
as imagos and that these are distinctly house- 
mosquitoes. All the other species, including 
two of Anopheles, are “wild” and hibernate 
in the egg or larva state. For the control of 
those hibernating as eggs Eysell suggests an 
easy method which should prove effective. It 
is the removal and burning, late in the au- 
tumn, of the old dead leaves and plant débris 
from the dried-out pools in which the larve 
would later appear. He further suggests that 
when it is inadvisable or impracticable to burn 
the egg-bearing leaves they be stacked on 
higher ground in such a way that they can not 
be carried back into the depressions by wind 
or rain. The latter method appears less ef- 
fectual to the writer on account of the diffi- 
culty, at least in many localities, of finding 
permanently dry spots for such plant-rubbish. 
When one considers the very small amount of 
water that is necessary for the development of 
mosquitoes (the writer has found larve and 
pupe in puddles less than an inch deep on 
practically level ground) and the possibility 
of heavy rains hatching the eggs and carrying 
away the young larve, this method seems less 
promising. The burning of the accumulations 
of leaves and rubbish from depressions of the 
ground, however, should give the best results. 
It is to be hoped that some one in a locality 
with well-determined mosquito conditions will 
give this method a fair trial. 

FREDERICK Knap 

BUREAU OF ENTOMOLOGY 

* Entomol. Mitteilungen, Vol. I., No. 11, No- 
vember, 1912, p. 366. 
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SCIENTIFIC BOOKS 


Comparative Anatomy of Vertebrates. By J. 
S. Kinestey, Professor of Biology in Tufts 
College. Philgdelphia, P. Blakiston’s Son 
& Co. 1912. Pp. 401. 

The author’s purpose in writing this text- 
book, as stated in the preface, is to present a 
volume of moderate size which may serve as a 
framework around which the facts learned by 
the student in laboratory work in vertebrate 
anatomy may be grouped so that their bear- 
ings may be readily recognized and a broad 
conception of vertebrate structure may be ob- 
tained. “In order that this may be realized 
embryology is made the basis, the various 
structures being traced from the undifferen- 
tiated egg into the adult condition.” “ There 
has been no attempt to describe the structure 
of any species in detail, but rather to outline 
the general morphology of all vertebrates.” 

The task of preparing a text-book of this 
kind limited to a volume of moderate size is 
extremely difficult. Morphology, unlike physi- 
ology, or unlike chemistry or physics, lends 
itself to relatively few broad generalizations 
that may be stated without reserve. It deals 
essentially with data concerning the structure 
of a vast number of individuals in the adult 
condition and their development. While or- 
ganisms are more or less readily classed into 
various broad and narrow groups according to 
the details of their structure and the genetic 
relationship of organisms, on the whole, may 
be most readily deduced from structural re- 
semblances, nevertheless it remains true that 
living things are essentially individualistic in 
the character of their organic structure. Gen- 
eralizations concerned with the structure of 
the tissues are much broader than those con- 
cerned with gross organic structure. The 
relatively simple conditions characteristic of 
the early stages in embryonic development 
also lend themselves to comparatively broad 
generalizations. The author, therefore, does 
well to devote rather more attention to the his- 
tological and embryological aspects of the sub- 
ject than is customary in text-books of this 
character. 
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The introduction deals principally with the 
broader aspects of vertebrate embryology and 
histology. There then follow accounts of the 
integument, the skeleton, the ceelom, the mus- 
cular system, the nervous system, the sense 
organs, the digestive organs, the respiratory 
organs, the organs of circulation, the uro- 
genital system, the fetal envelopes and the 
adrenal organs. A bibliography of the more 
accessible books and monographs dealing with 
the subjects treated, and a list of definitions 
of systematic names used in the text precede 
the index. The figures used to illustrate the 
text are, in large part, original. 

It would probably be impossible for an 
author in a text-book of this size to condense 
biological generalizations in a manner wholly 
satisfactory at all times to other students 
of the subject. Thus, for instance, in de- 
scribing the neuron Kingsley states that 
“the processes are physiologically divisible 
into afferent and efferent tracts, the body of 
the cell being the place for the regulation and 
correlation of the impulses and, apparently, in 
many cells for the inauguration of new im- 
pulses.” Most neurologists would be inclined 
to consider the primary function of the cell 
body to be the regulation of the nutrition of 
the neuron. Kingsley does not seem to dis- 
criminate in the text between “ dendrites ” 
and “telodendrons.” It is quite certain that 
the corium is not derived wholly from the 
somatic wall of the myotomes, as is implied 
in Kingsley’s description of the development 
of the integument. In describing the articu- 
lations of the endoskeleton Kingsley states 
that “the bones may be so articulated that 
one can move on the other (diarthrosis), or 
there may be no motion possible (synarthro- 
sis), each with several varieties.” These brief 
descriptions of the two main types of joints 
are certainly not happily chosen. In de- 
scribing entochondrostosis the author states 
that the cartilage becomes broken down in the 
interior, some of the cells becoming modified 
into osteoblasts. This is not the generally 
accepted view of the process at present. The 
notochord is certainly not of entodermal origin 
throughout the vertebrates. In describing the 
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vertebre the author would have done well to 
state what becomes of the costal elements of 
the lumbar and sacral vertebre. While the 
use of the term “ anterior” to mean the head- 
end of the animal and the term “ posterior ” 
to mean the tail-end of the animal is satisfac- 
tory for all vertebrates, including man, it is a 
mistake to translate “ anterior” into “ front,” 
and “posterior” into “behind,” as may be 
seen from the following description: “ In man 
it (the sternum) consists of three parts, a 
manubrium in front, a middle piece, and a 
xiphoid (ensiform) process behind.” The 
description of the origin of the muscles of the 
diaphragm in mammals is incorrect and noth- 
ing is stated about the interesting nature of 
the innervation of the diaphragm. The ster- 
nocleidomastoid muscle should not be placed 
in the same group with the scalene and inter- 
costal muscles. The author’s division of the 
muscles of the limb into intrinsic and ex- 
trinsic does not seem to aid in giving a clear 
picture of the morphology of the limb mus- 
culature. The Vidian nerve does not repre- 
sent a distinct sympathetic trunk. The width 
between the bases of the pillar cells in the 
organ of Corti increases from the base to the 
apex of the cochlea instead of decreasing, as 
described by the author. It is incorrect to 
describe the duodenum as that part of the 
alimentary canal which extends from the 
pyloris to the entrance of the bile duct. The 
text description of the embryonic origin of 
the thyroid is unsatisfactory, and the para- 
thyroid glands are not mentioned. The epi- 
glottis does not fold back toward the glottis 
during deglutition. Hemoglobin does not 
combine with carbon dioxide. The origin of 
most of the larger blood vessels in the body 
from embryonic vascular plexuses, which 
forms so striking a feature of the develop- 
ment of the circulatory system, is not clearly 
described by the author, but, on the other 
hand, the doubtful theory of the -development 
of blood vessels as remnants of the segmenta- 
tion cavity has a couple of paragraphs devoted 
to it. 

The proof-reading appears at times to have 
been somewhat careless. Fig. 22 is upside 
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down. The lettering on the coracoid process, 
Fig. 108, is incorrect. The olecranon process 
is described on page 120 as extended beyond 
the elbow joint to the attachment of the ex- 
tensor muscles of the lower limb. The letter- 
ing of the pancreatic duct in Fig. 242 does not 
correspond with that of the legend. 

Kingsley’s book lends itself for comparison 
most readily with Wiedersheim’s “ Compara- 
tive Anatomy of Vertebrates,” especially with 
the English edition edited by W. N. Parker. 
The general field covered is similar, although 
there are about one hundred more pages in 
Wiedersheim. Wiedersheim has the advan- 
tage of having been extensively used and re- 
vised since the first edition in 1882, so that 
the weaker parts have been gradually strength- 
ened and the cruder errors eliminated. On the 
other hand, a text-book revised from year to 
year over so long a period may display many 
points of view less satisfactorily than a text- 
book newly written. The relatively greater 
attention given by Kingsley to histology and 
embryology is a distinct advantage and might 
be satisfactorily carried out further. On the 
other hand, both illustrations and text de- 
scriptions are, in many phases, clearer in 
Wiedersheim’s than in Kingsley’s text-book. 
The bibliography given in Wiedersheim is far 
more extensive, but, on the other hand, that 
given in Kingsley is, on the whole, well se- 
lected, and, possibly, for beginning students, 
by being less extensive may be more useful. 


C. R. BarpEEN 
THE UNIVERSITY OF WISCONSIN 


The Growth of Groups in the Animal King- 
dom. By R. E. Lioyp, M.B., D.Se. Lon- 
don, Longmans, Green and Co. 1912. Pp. 
185, with two colored plates. Price $1.75 
net. 

“The aim of this small book’is to lessen the 
belief in natural selection as a creative 
agency.” “The word group appears in the 
title of this work and will be found through- 
out the text. It is used in place of the more 
usual terms species, sub-species and variety.” 
“A group is a number of individuals (more 
than one), each possessing some particular 
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character or characters which are chosen arbi- 
trarily as the distinguishing marks of that 
group.” “From a practical point of view 
species are those groups which have been de- 
scribed as such.” 

Although the idea expressed in the last 
quoted sentence is by no means novel, it is 
interesting as illustrative of a change which 
seems to be coming over biology. Many will 
still dispute both the author’s and the re- 
viewer’s statements. However, it is indis- 
putable that not only is the “method of the 
origin of species an open question,” but it is 
more than ever a question as to what a species 
is if it be more than a mere convention. It is 
curious that so many well-informed tax- 
onomists accept evolution as a principle, but 
stick to the independent creation of species in 
practise. The “splitters” are unconsciously 
breaking down this practise, for species are 
being based on fewer and less important char- 
acters than ever. The process is a reductio 
ad absurdum and can not help but end in the 
definition of species just given. The author 
seems justified in saying: “If it is true that 
our conception of a species has changed it is 
necessary to modify our opinion as to the 
origin of a species. Some of those who are 
interested in the origin of species do not know 
how small are the differential gaps which 
separate our modern species.” 

About half of the book is devoted to an 
account of the different sorts of rats found 
among about 100,000 killed during the work 
against the plague in India. Some of these 
have already received names differentiating 
them from Mus rattus. Other have not. As 
a contribution to our knowledge of the amount 
of readily appreciable variation in a feral 
“ group,” this work is valuable. It is tle only 
important original thing the book contains 
and is followed by a lengthy résumé of some 
of Tower’s work upon Leptinotarsa. Unfor- 
tunately the author did not subject the rat 
“mutants ” to experimental tests, nor does he 
refer to the breeding work already done with 
rats. The facts collected are believed to be 
in harmony with that part of the mutation 
theory which asserts that the attributes of 
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organisms consist of distinct, separate and 
independent units. 

As a practical application of the theory he 
suggests that many forms of insanity are 
merely the distinguishing characteristics of 
human mutants. “ Dementia precox is nei- 
ther fatal in itself, nor curable. Were it either 
we could not of course regard it as the expres- 
sion of a character or group of characters, or 
compare its victims to mutants.” In addi- 
tion to the punctuation, one might be inclined 
to object to the implication that the possessor 
of a new character can not be compared to a 
mutant if the new character be fatal to its 
possessor. 

The author assures us that the philosophical 
conclusions in the last chapter were reached 
before reading Bergson. There is something 
of a similarity—at least as to the quality of 
indefiniteness and the appeal to the unknow- 
able. The concluding sentence is a warning 
that the belief in natural selection encourages 
a belief in “the right of the spirit of compe- 
tition which is daily invoked in order to 
smother those altruistic feelings that are an 
important part of the human mind.” 

The discussion of “species” is interesting 
and the important facts concerning the rats 
are well presented. 

Frank E. Lutz 


The Flowing Road; Adventuring on the Great 
Rivers of South America. By COaspar 
Wuirney. Philadelphia and London, J. B. 
Lippincott Company. 1912. Pp. 319. 
Illustrated. 

The title of this book leads one to look for 
something in the way of scientific results, but 
the author disclaims any scientific mission 
(173), and it is only by much courtesy that 
it can be regarded as scientific in any sense. 
But in spite of this, it is a book full of in- 
terest for every one who knows, or wishes to 
know, about the ups and downs of canoe travel 
in the thinly populated and little-known re- 
gions of the upper Rio Negro, or for the mat- 
ter of that, on any of the rivers that empty 
into the Amazon. 

The author’s preface would lead one to sup- 
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pose that Humboldt and Wallace were almost 
the only explorers of the upper Rio Negro 
region, and he fails to mention Dr. Richard 
Spruce, who lived and labored there longer 
than all the others put together. Humboldt 
was on the upper Oronoco only two months— 
April and May, 1800; Wallace went up the 
Rio Negro in August, 1850, and returned to 
Manaus May 17, 1852; Spruce lived in that 
region from December, 1851, to December, 
1854—just three years. The account of 
Spruce’s residence is given in the “ Notes of 
a Botanist on the Amazon and Andes by 
Richard Spruce, London, 1908,” and his re- 
sults are published in more than fifty scientific 
papers, mostly on South American botany and 
natural history, brought out by the learned 
societies of England and Scotland. 

Likewise no mention is made of the almost 
incredible explorations of Henri A. Coudreau 
in the Amazon region, including a trip up 
the Uaupés in 1884, and described in his 
“Voyage a travers les Guyanes et |’Ama- 
zonie,” Paris, 1887. 

This, however, has but little to do with the 
book itself. In spite of the almost deadly 
sameness of the region and of the daily life, 
the author finds something or much of in- 
terest and beauty everywhere, and under all 
circumstances. And it is a great pleasure to 
follow a man who likes to see the animals 
without wanting to shoot them all to pieces, 
who accepts the weather and the fortunes of 
travel as they come along without complaint, 
who has human sympathy with the people, 
however humble, and who doesn’t want to 
impose his ways of doing things upon every 
one he meets. This wholesome attitude of the 
author, even if there were nothing else in it, 
makes the book richly worthy of the attention 
of naturalists and of others who would travel 
in the country treated of. 

Another peculiarity of the book is that the 
author doesn’t begin in New York or London 
with the details of how many trunks, boxes 
and packages he had and what each one con- 
tained; he doesn’t describe the voyage out, 
and the steamer, and the service, and the fly- 
ing fish, and the southern cross and all the 
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rest of it. With a brief sketch of the lower 
Amazon and lower Rio Negro, he begins his 
story of the trip at Santa Isabel nearly half 
way up the Rio Negro. With the same 
promptness, the best of the book—the part 
which treats of the trip across from Santa 
Isabel to Ciudad Bolivar on the lower Oro- 
noco—comes to a living end at 4:30 a.M., after 
his long voyage, when “my canoe grated the 
sloping bank of Ciudad Bolivar, and I stood 
upon the beach, bare-legged to the thighs, 
looking, no’ doubt, in tattered shirt, like a 
derelict cast up by the sea.” 

The remainder of the book is only remotely 
related to this first and most important part 
of it, but it is all interesting. Chapter XIX., 
however, at the end, relates to outfitting for 
travel in tropical regions and is the best thing 
of the sort we have seen; and in the opinion 
of the reviewer the best things among the 
many valuable suggestions are these: go light, 
eat what the natives eat, sleep in a hammock, 
avoid liquor, don’t scratch insect bites. He 
forgot to add: “Learn the language of the 
people.” 

This last point suggests that the book con- 
tains a few errors in Portuguese which a little 
care might have avoided. Such are “ batelao ” 
for batelio, “ Rio Janeiro” (74, etc.) instead 
of Rio de Janeiro, “cachaca,” rum, for 
cachaca (43, etc.), “igarapee” for igarapé 
(47-49), “ madrugar” for madrugada (84). 

There are also a few erroneous statements 
in regard to plants which it is hoped may be 
corrected in future editions: that farinha de 
mandioca is made from the root of a yucca 
(33); that piassava is a “ fiber parasite” of a 
palm (118); that Panama hats are made of 
“the fine and enduring straw” of a palm. As 
a matter of fact the piassava fiber is from the 
edges of the petioles of the palm, and is in no 
sense a parasite, while the straw of which the 
hats are made are from the leaves of a species 
of screwpine. 

On the other hand he does well to correct 
the impression, so popular in temperate re- 
gions, that South America swarms with 
snakes; and he justly discredits the exagger- 
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ated stories to be heard all over South Amer- 
ica of the numbers and dangers of the ja- 
guars. He does well also to mention the ever- 
lasting stumbling blocks placed in the road of 
the foreign wayfarer (213)—an item the for- 
eigner should be prepared for before he begins 
his wayfaring. 

In his preface Mr. Whitney speaks rather 
lightly of the fevers and intimates that they 
belong to the category of robbers and reptiles 
(4). Having come safely out of some of the 
most unhealthful parts of South America, it is 
natural enough for him to think lightly of the 
fevers. But when he takes a serious view of 
the possibilities of the region about San Fer- 
nando he finds himself confronted by “the 
insect host and the fever—a forbidding pair” 
(111). 

The writer is in entire sympathy with this 
author’s general cheerful attitude in regard to 
the people and their ways and the country in 
general, but he thinks it due to those who are 
likely to go there to call attention to the abun- 
dant evidences of fevers and of their sad work 
as set forth in “ Recollections of an Ill-fated 
Expedition,” ete., by N. B. Craig, Philadel- 
phia, 1907, and indeed in the experience of 
every one who has lived long in that country. 

It is a pity that the book is not supplied 
with better maps. J. O. Branner 


MINERALOGY IN JAPAN 


Tue valuable Japanese periodical issued in 
Tokyo by T. Wada, under the German title 
“ Beitrige zur Mineralogie von Japan,” offers 
many interesting articles in its fourth number 
(June, 1912), all of them being written in 
English by their Japanese authors. Among 
them we note an account of the fall of meteor- 
ites which took place July 24, 1909, in the 
districts of Mugi and Yamagata, province of 
Mino.t The writer, Tetsugoro Wakimizu, 
states he was at the time in the town of Ogaki, 
about twenty miles distant, when he heard a 
sound like the report of a cannon, accom- 

1‘«Beitriige zur Mineralogie von Japan,’’ ed. 
by T. Wada, No. 4, pp. 145-150, 1 pl., 1 map; 
Tokyo, June, 1912. 
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panied by quite noticeable vibration; indeed, 
the noise was heard over an area of nearly 
4,400 square miles. The ground on which 
this, the most remarkable fall of meteorites 
noted in Japan, took place, was of elliptical 
outline, measuring about 74 miles in length 
and 3 miles in width. The writer carefully 
examined 24 of the 25 stones gathered from 
this field, and he estimates that probably five 
times as many are still lying in the fields and 
between the hills. He notes that fewer but 
larger stones came from the northern part of 
the territory than from the southern part; the 
largest weighs a trifle over 89 pounds (1,076.8 
momme == 40,389.7 grams). All these stones, 
probably fragments of a single original mass, 
are a white chondrite with some minute 
grains of nickel iron and iron sulphide in the 
interstices between the stone components. 
Oxidization was very rapid. These meteorites 
are holocrystalline, consisting of prismatic 
erystals and grains of olivine and bronzite. 
The primary crust, from 4 to 4 mm. in thick- 
ness, is formed of oxidized grains of nickel 
iron and iron sulphide. 

The following gives the results of an analy- 
sis of one of these meteorites (Hachiman) by 
Sugiura in the Imperial Geological Survey of 
Japan: 


The meteoric iron “Okano” is also de- 


scribed by Tadasu Hiki, and figured on two 
plates.’ 


The most important article in the number 
* Loe. cit., pp. 142-144; plates VII. and VIII. 
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is an account of the mineral resources of the 
Island of Formosa, ceded to Japan after the 
war with China in 1895.° Gold is present there 
in fair quantity, the principal mines being 
near Kiirun. The Chinese carried on gold 
mining in Formosa as early as 1669, and gold 
sand was noted on the east coast by the Portu- 
guese in the fourteenth century. The gold de- 
posits near Kiirun were discovered in 1890 by 
a Chinese who came across gold sand while 
work was in progress on a bridge over the 
Kiirun River. The value of the gold obtained 
in Formosa by the Japanese in 1910 is stated 
to be 2,119,981 yen or over a million dollars; 
of this 63,964 yen represented the worth of 
the placer gold. 

Gem minerals are represented to a some- 
what limited extent. Chalcedony, white and 
red-banded, has been found in voleanie rocks 
at Kappansha and in the Tarté district, and 
in basaltic cavities in the Hdko-té group; red, 
yellow, brown, blue, green and other colors are 
represented; some specimens here are large 
enough to be polished for ornamental use. 
Associated with these latter chalcedonies, at- 
tractive semi-transparent opals have been 
found, sometimes blue and occasionally gray. 
Minute crystals of zircon occur in the gold 
placers of the Kiirun River. Red garnet ap- 
pears in fragments with gold sand and mag- 
netite on the coast of Dainan-6, and minute 
garnet crystals. occur embedded in crystalline 
schist at Basshi-sho. 

Other articles in this number are: “On the 
twelve dimples of the aragonite balls, found in 
Taira, Shinano,” by Nobuyo Fukichi, pp. 
133-138; “On a Small Sinter-cone Formed 
by a Geyser at Obama, Hizen,” by Denzé 
Sato, pp. 139-141, pl.; “ Kurokéd, or the Black 
Ore,” by Takeshi Hirabayashi, pp. 151-156. 
Many interesting data are also grouped under 
the general heading, “ Kleinere Mitteilungen.” 

A concession for pearl-fishing in the South 
Ussuri district of western Siberia was recently 
accorded by the Russian government to A. D. 
Popoff, of Vladivostok. This field is now 
being exploited with some success with the aid 


*Yohachir6 Okamoto, ‘‘Minerals of Taiwan 
(Formosa),’’ loc. cit., pp. 157-188. 
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of trained divers from European Russia, and 
the prospects for a satisfactory yield of pearls 


are considered to be good.“ 
Gero. F. Kunz 


SPECIAL ARTICLES 
THE DOCOPHORI OF THE OWLS 


ExactLty a dozen species of Docophorus 
(genus of Mallophagan parasites) have been 
described from the owls (Strigide). I think 
the number is about double what it ought to 
be. The species center about three well- 
known and well-differentiated types, repre- 
sented by the long-established species, D. ros- 
tratus Nitzsch, D. cursor Nitzsch and D. 
ceblebrachys Nitzsch. The name of Nitzsch 
means that these three species were described 
about a hundred years ago and were based on 
specimens derived from European birds. All 
of these species have since been taken from 
North American owls, as well as from owl 
hosts from other parts of the world. 

The three species differ markedly from each 
other in various characters, the most quickly 
recognizable of which are the shape and mark- 
ings of the head. In rostratus the clypeal 
portion of the head is drawn out and narrow 
in front, in cursor it is shorter and broader, 
and in ceblebrachys it is still shorter and 
broader, so that the head is a sort of broad, 
solid, bull’s head. The species might well 
have been named taurocephalus, a name used 
later by me for another Docophorus. 

Of the nine other so-called species of owl 
Docophori three have been described from 
American specimens, viz., D. syrniit by Pack- 
ard from Strix varia varia from Ohio; D. 
bubonis by Osborn from Bubo virginianus 
from Pennsylvania, and D. speotyti, also by 
Osborn, from Speotyto cunicularia hypogewa 
from Nebraska and Colorado. D. syrnii Pack- 
ard is unrecognizable. It does not count. 
Professor Osborn’s two species do count, of 
course. They belong to the cursor type of owl 
Docophori and are very partial, indeed, to 
this type, for they imitate their European 


*Report of Consul John F. Jewell, of Viadivo- 
stok. 
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model pretty closely. However, Professor Os- 
born’s specimens are different from Nitzsch’s, 
But that is a conspicuous thing about the 
Mallophaga. The individuals of the same 
species, when they are taken from different host 
individuals, reveal easily perceived differences, 
It is a condition that comes about, probably, 
through the unusual isolation of the separate 
groups of individuals that compose the spe- 
cies. Each group, which is at bottom a fam- 
ily group, and represents a family strain, is 
more or less effectively marooned on an ani- 
mated island, which is the body of its indi- 
vidual bird host. And hence the variations 
of each family strain are preserved and ac- 
cented by the necessary inbreeding due to this 
isolation. 

Thus while Professor Osborn’s cursor-like 
species are different, they are not very dif- 
ferent, and the same is true of several other 
species of owl Docophori representing not only 
the cursor type but the ceblebrachys and the 
rostratus type. 

I have just received from Professor Cock- 
erell several specimens of Docophorus from 
Asio flammea (collected at Boulder, Colorado) 
and in attempting to determine them I am 
interested to discover that if I follow tradi- 
tion I shall have to add another species of 
Docophorus to the list for the owls, which 
would make the thirteenth! This makes me 
hesitate. What I believe ought to be done is 
to let these new specimens unite some friendly 
but now separated species, instead of compel- 
ling them to make the situation more intoler- 
able. For to recognize thirteen species of one 
Mallophagan genus from thirteen species of 
owls—for that happens to be the exact number 
of owl species from which Docophori have 
been taken—and four of them from a single 
owl kind, would be unnatural, and also most 
inviting of ill luck! I am sure of the unnat- 
uralness from my knowledge of the host dis- 
tribution of the Mallophaga. The trouble is 
that the isolation of the Docophorus (and 
other Mallophagan) individuals on owls is 
even more effective than on most other birds, 
for owls are peculiarly non-gregarious and 
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offer unusually little opportunity for the pas- 
sage from host to host of the wingless para- 
sites. There is thus all too little cross-breed- 
ing, and family idiosyncrasies get all too easily 
preserved and made the basis of species separa- 
tion. What I propose to do then, in a forth- 
coming systematic paper on the Mallophaga, 
is to reduce the number of species of owl 
Docophori and of some other similarly ex- 
panded groups. This present note is simply 
notice to that effect, with a suggestion of the 
biological reason why. 
Vernon L. KELLOGG 
STANFORD UNIVERSITY 


(ENOTHERA AND CLIMATE 


In their interesting account of a recent visit 
to Bartram’s locality for @nothera grandi- 
flora, at Dixie Landing on the Alabama River, 
Professor de Vries and Mr. Bartlett’ say: 


Neither @. grandiflora nor G@. Tracyi has here- 
tofore been known as other than annual, and the 
abundance of rosettes which would obviously not 
flower this season was therefore a point of great 
interest. 


In growing @. grandiflora and many other 
(Enotheras under a variety of climatic con- 
ditions, I have been greatly struck by the 
different ways in which they respond, both as 
regards the annual or biennial habit and the 
time of flowering in a given season. Seeds 
of a series of (nothera grandiflora forms 
from Birkenhead, England, which I planted 
in a tropical greenhouse at the University of 
Chicago in July, 1907,2 were grown under 
tropical conditions, the plants remaining 
rosettes throughout the winter and flowering 
in May, 1908. @. Lamarckiana forms treated 
in the same manner nearly all remained 
rosettes indefinitely, 7. e., for about twenty- 
two months, until the experiments were sus- 
pended. This difference in behavior I at- 


*De Vries, Hugo, and Bartlett, H. H., ‘‘The 
Evening Primroses of Dixie Landing, Alabama,’’ 
Sctence, N. 36: 599-601, 1912. 

* See Gates, R. R., ‘An Onagraceous Stem with- 
out Internodes,’? New Phytologist, 11: 50-53, 
pls. 2-3, 1912. 
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tributed to the fact that (@. grandiflora is 
adapted to a more southern climate than @. 
Lamarckiana. In 1909 I observed typical 
rosettes of @. grandiflora growing in mid- 
summer (probably as escapes) in uncultivated 
land of the Missouri Botanical Garden. 
Hence in that climate also the plant is 
biennial. From these and related facts, to- 
gether with the observations of de Vries and 
Bartlett, it is probable that all the @notheras 
of this group are biennial in their native 
localities. 

When grown from seeds planted in the 
greenhouse in January or March, @. grandi- 
flora often omits entirely the rosette stage, 
beginning to form a stalk when quite a young 
seedling. In my cultures under these condi- 
tions the characteristic leaf-type of the mature 
rosette is always omitted. The plant, there- 
fore, unlike the @. Lamarckiana forms, be- 
comes annual by shortening its life cycle. 

Plants of @. grandiflora grown from seeds 
from Dixie Landing behaved in still a differ- 
ent way in the English climate this year. 
Seeds were sown in the greenhouse in Jan- 
uary, and the young seedlings planted out in 
the end of May. They formed very imperfect 
rosettes but, though stem-formation began 
early and they grew luxuriantly, yet they 
failed almost completely to come into bloom, 
only two plants out of two hundred and 
twenty-one producing any flowers. 

Incidentally it may be mentioned that, as I 
have pointed out elsewhere,’ (@. grandiflora 
occurred in the region of Carolina and Vir- 
ginia as late as 1821 (Barton’s “Flora of 
North America,” Vol. I., plate 6). It would 
be worth careful search to discover if indi- 
viduals do not still survive in this region, for 
that was undoubtedly the source of the large- 
flowered Cnothera described by Ray in the 
“ Historia Plantarum,” 1686, and which must 
have belonged to a race either of @. grandi- 
flora or of Lamarckiana. 

Seeds which I obtained from Birmingham, 


* Gates, R. R., ‘‘Early Historical-botanical Ree- 
ords of the C2notheras,’’ Proc. Iowa Acad. Scit., 
1910, p. 108. 
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Alabama, through the kindness of Mr. Robert 
A. Love, yielded a race which behaved in 
the same way, and which evidently belongs 
to the (@. Tracyi described by Bartlett.‘ 
The plants, which were grown at the John 
Innes Horticultural Institution this year, 
numbering 173, were very uniform and agreed 
in general with Bartlett’s description. They 
were very tall and stout, much more so than 
(@. grandiflora, and several plants showed 
small buds at the end of September. Certain 
other facts in this connection are referred to 
in a paper now in press in the T’ransactions 
of the Linnean Society. 

In growing scores of wild races belonging 
to the species @. biennis, @. muricata, @. 
grandiflora, @. argillicola, @. Hookeri and 
others from various parts of North America, 
in the climate of England during the past 
summer, I have been greatly impressed by the 
constancy and the peculiarity of each race as 
regards such physiological characters as the 
strength of the biennial habit, and the time 
of blooming. The differences in these re- 
spects are quite as marked and constant as 
any morphological characters can be, and in 
hybrids they are frequently intermediate. 
Evidently each race is closely adapted to the 
conditions of the growing season in its own 
native locality; and within certain limits it is 
possible to predict what the behavior of a race 
will be when one knows the latitude and cli- 
matic conditions from which it came. The 
elucidation of the origin of these racial cli- 
matic adaptations in (nothera is a most 
interesting evolutionary problem. 


R. R. Gates 
IMPERIAL COLLEGE OF SCIENCE, 
LONDON 


INHERITANCE OF THE RUSSET SKIN IN THE PEAR 


THE russet skin occurs commonly in the 
pear and it is found in amounts varying from 
0 per cent. to 100 per cent. In Ragan’s 
“Nomenclature of the Pear”* are described 

‘Bartlett, H. H., ‘‘Systematic Studies on 
Cnothera. I. Cénothera Tracyi sp. nov.,’’ 
Ehodora, 13: 209-211, pl. 93, 1911. 

U. S. Dept. Agric., B. P. I. Bull. 126, 1908. 
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547 varieties having no russet, and 772 varie- 
ties having a very light to a solid russet cover- 
ing. In the latter class only 16 are given as 
simply “russet”; however, several others, as 
the Bose, should come under this head. The 
low number of russet individuals indicates 
that the russeting is recessive to the smooth- 
skinned condition, and that many of the 
partially russeted and smooth-skinned pears 
must be heterozygous—the dominance of the 
smooth-skinned condition being frequently 
incomplete. 

The results obtained at the New York Agri- 
cultural Experiment Station, Geneva, New 
York, support such a postulation. In a cross 
between Kieffer 2 and Elizabeth ¢, both pa- 
rents having smooth skins, were obtained two 
russeted and ten smooth-skinned seedlings. 
This population is too few in number to allow 
one to draw definite conclusions; nevertheless, 
it approaches closely a simple 3:1 Mendelian 
segregation. In a cross between Bose ° and 
Kieffer ¢, the 2 parent having a russet skin 
and the ¢ parent carrying the russet condi- 
tion as a recessive?, there were produced five 
seedlings—two of which were smooth-skinned 
and three russeted. The progeny of this latter 
cross approximate a 1:1 Mendelian ratio, viz., 
one individual is homozygous to the smooth- 
skinned condition and one individual is het- 
erozygous to russeting. As a Russet Bartlett 
of unknown origin, differing from the normal 
Bartlett in no character except the skin—even 
in the self-sterility of the blossoms—is grow- 
ing on the experiment station grounds, it is 
reasonable to suppose that the russet condition 
is due to a loss of a determining factor, for 
the loss of a character is much more common 
than the addition of a new one. 

RicHarpD WELLINGTON 

NEw YorRK AGRICULTURAL 

EXPERIMENT STATION, 
GENEVA, N. Y. 


SOCIETIES AND ACADEMIES 
ACADEMY OF SCIENCE, ST. LOUIS 


A MEETING of the Academy of Science of St. 
Louis was held at the academy building, Monday, 
November 18, President Englar in the chair. 
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Professor James F. Abbott, of Washington 
University, addressed the academy on ‘‘ Permea- 
bility of Animal Membranes,’’ dealing particu- 
larly with some experiments conducted during the 
summer on fiddler crabs. 

Dr. C. H. Turner, of the Sumner High School, 
gave a short talk on ‘‘The History of an Orphan 
Colony of a Paper-making Wasp’’; and Dr. H. M. 
Whelpley spoke on ‘‘Indian Miniature Axes and 
Celts,’’ illustrating his remarks with numerous 
interesting examples. 

Professor F. E. Nipher, of Washington Univer- 
sity, presented some results of his experiments on 
‘““The After Effects in an Aluminum Wire used 
in Eleectrie Discharge. ’’ 

Since making a communication to the Academy 
of Science of St. Louis on November 4, experi- 
ments have been made in the study of the creeping 
of an aluminum wire through which a rarefaction 
wave is sent. 

When a fresh wire is used, the wire creeps in a 
direction opposite to that of the corpuscular dis- 
placement. 

After the discharges from a condenser of large 
capacity have passed through the wire for fifteen 
or twenty minutes the position of the wire is re- 
versed; no other change being made, the wire 
creeps in the opposite direction in space. This has 
been repeated many times. 

On the other hand, if the polarity of the influ- 
ence machine is reversed the wire creeps in the 
same direction in space. 

The end of the wire which is in advance in the 
motion of the first case is in advance in the two 
subsequent cases. 

In the two latter cases the wire creeps toward 
the positive terminal. The discharge terminals at 
the wire were in the form of rings of large copper 
wire, which closely encircled the aluminum wire. 
The long spark was in the conductor leading to 
the positive terminal of the machine, about ten 
feet distant. Some preliminary experiments seem 
to indicate that this after-effect can not only be 
eliminated, but that it can be reversed. 

Such effects have not been observed in copper 
wires, but it is possible that a decrease in the sensi- 
tiveness of response of the wire was due to this 
cause, and not to frictional contact in the grooved 
Supports, as had been supposed. It was at first 
thought that the effects described mi ght be explained 
as differential end or point reactions between the 
ends of the wire and the air and other surrounding 
matter. The ends of the wire were, however, bent 
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downward, so that they point in a direction at 
right angles to that in which the wire creeps. 
Either end may be bent downward, the other 
pointing either in the direction of motion, or in 
the reverse direction, without affecting the direc- 
tion in which the wire creeps, in any material way. 
This apparently eliminates end effects from any 
part in these very remarkable results, and it is 
entirely possible that some of the conclusions here- 
tofore published may require modification. 

It would not be surprising, in view of these 
results, to learn that the resistance of this wire 
depends upon the direction of flow of the current. 

GEORGE T. Moore, 
Secretary 


THE BOTANICAL SOCIETY OF WASHINGTON 


THE 83d regular meeting of the society was 
held at the Cosmos Club November 12, 1912. The 
program included the following papers: 

A Portrait of Linneus: Dr. J. N. Rose. 

Dr. Rose exhibited an engraved portrait of Lin- 
nus which had recently been presented to the 
Smithsonian Institution by Captain John Donnell 
Smith, of Baltimore, who had previously given to 
that Institution his magnificent herbarium and 
library. This portrait is one rarely seen in this 
country, being a mezzotint of one of the earliest 
portraits of Linneus, the original being a replica 
of Hoffman’s famous picture showing Linneus in 
Lapland dress, of which the original is now the 
property of the Clifford family. This replica was 
known to have been in the possession of one 
Thornton as late as 1811; but its whereabouts now 
is not known. 

Dr. Rose also called attention to the large col- 
lection of portraits of Linneus in the possession 
of the Linnean Society, and also to the work of 
Tycho Tullberg, ‘‘ Linneportriitt,’’ a quarto vol- 
ume of 185 pages with 25 portrait plates. 

‘* Rough-bark’’ Disease of the Yellow Newtown 
Pippin: Mr. JoHN W. ROBERTS. 

Botanizing in the Region of the Natural Bridges 
of Southeastern Utah: Dr. P. A. RypBERG (by 
invitation). 

THE 84th regular meeting was held at the Cos- 
mos Club on December 3, 1912. The program 
included the following papers: 

Summary of Studies of Glomerella (with lantern) : 
Dr. C. L. SHEAR. 

Probable Origin of Maize (with lantern): Mr. G. 
N. CoLuins, 
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The Effect of Lime on the Alkali Tolerance of 
Wheat Seedlings (with lantern): Dr. J. A. 
LeCierc and Mr. J, F. BREAZEALE. 


C. L. SHEAR, 
Corresponding Secretary 


THE ANTHROPOLOGICAL SOCIETY OF WASHINGTON 

AT the meeting of the society in the New 
National Museum on Tuesday afternoon, Novem- 
ber 19, President George R. Stetson in the chair, 
Mr. James Mooney, of the Bureau of American 
Ethnology, lectured upon ‘‘The Gaelic Language 
of Ireland.’’ 

The lecturer outlined the history of the Keltic 
nations, of whom the Gael of Ireland and Scotland 
are a part, from their first acquaintance with the 
Greeks about six hundred years before Christ, 
down to the storming of Rome in 390 B.c.—the 
earliest authenticated date in Roman history— 
their alliance with Alexander the Great, their 
invasion of Asia Minor and colonization of Galatia 
in 278 B.C., and the final subjugation and Latiniza- 
tion of the continental Kelts by the Romans about 
the beginning of the Christian era. 

Gaelic is the oldest living language in Europe, 
unless we except modern Greek, and it closely 
resembles Latin in many of its roots. 

The Gaelic colonization of Ireland probably 
dated as far back as 1000 B.c. The island was 
known to the Greeks under a form of its native 
Gaelic name of Eire as early as four centuries 
before Christ. The ancient annals mention several 
earlier races or colonizations, the most important 
being the Firbolg, probably a part of the Belge 
of the continent. They continued to exist as a 
distinct people under their own chiefs up to the 
sixth century or later. 

The alphabet of pre-Christian Ireland was the 
Ogam (Ogum), a system of straight lines or dots 
ranged along either side of a base line, and some- 
what resembling a cross between the Morse alpha- 
bet and the cuneiform inscriptions. It was used 
chiefly for monumental inscriptions, and continued 
in use to some extent up to the tenth century. 
The modern Gaelic alphabet, consisting of seven- 
teen letters, is an adaptation from the Roman. 

Mention was made of some of the most ancient 
manuscripts, some of which have been already 
translated and others of which are now under 
translation by the Irish Texts Society. Under the 
Penal Laws, from 1691 until about 1800, the whole 
native population was practically debarred from 
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education. Under the so-called National Schoo! 
System, established in 1831, the national language 
continued to be proscribed, resulting in its rapid 
decline. The great famine of 1845-7 with the 
ensuing wholesale emigration reduced the Gaelic. 
speaking population by nearly one half within 
twenty years, the great majority of those remain- 
ing being entirely illiterate. In 1878 the first con- 
cession to the native language was made by the 
national schools. In 1893 the Gaelic League, under 
the presidency of Dr. Douglas Hyde, began an 
active propaganda for the restoration of the lan- 
guage to its proper status, with the result that it 
is now taught in 3,000 of the 8,000 governmental 
‘‘national’’ schools, as well as in a large number 
of private and denominational schools, a whole 
flood of modern Gaelic literature covering every 
subject of intellectual interest is coming from the 
press, and the Gaelic language has been made an 
essential for matriculation in the new National 
University of Ireland beginning with 1913. Out 
of its own funds the league also maintains ten 
normal colleges for the training of teachers in the 
language, in several of which schools the entire 
course of instruction is through the Gaelic. The 
census just completed shows that Gaelic is still the 
home language of nearly 600,000 persons in Ire- 
land above the age of three years. 

Outside of Ireland the Gaelie speakers in Scot- 
land, England, the United States, Canada and 
elsewhere probably number considerably over a 
million. Prince Edward Island and adjacent parts 
of Nova Scotia have a compact body of about 
100,000, mostly descendants of emigrants from the 
Hebrides. In this country Gaelic instruction is 
now conducted in several universities and a trans- 
lation of the Rubaiyat, in Gaelic language and 
type, was recently published in Chicago. 


W. H. Bascock 


THE ELISHA MITCHELL SCIENTIFIC SOCIETY 


THE 202d meeting of the society was held 
December 10 in Chemistry Hall, University of 
North Carolina. The following program was pre- 
sented: 

‘*Notes on the Construction of the Crest-of-the- 
Blue-Ridge Highway,’’ by Mr. T. F. Hickerson. 

‘*Zonation in the Chapel Hill Stock,’’ by M:. 
Collier Cobb. 

JAMES M. BELL, 
Recording Secretary 
CHAPEL HILL, N. C. 


